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I.  INTRODUCTION 


A.  Background »  In  the  past,  the  Department  of  Defense  (DOD)  based 
design  ot  weapons  storage  facilities  primarily  on  explosive  safety.  Con¬ 
sideration  ot  other  factors,  such  as  security  and  operational  efficiency,  was 
based  on  much  less  stringent  criteria;  today,  however,  the  storage  of  much 
more  complex  modern  weapons  and  the  existence  of  a  more  sophisticated  enemy 
present  problems  that  did  not  apply  previously.  As  a  result,  military 
planners  must  now  design  weapons  storage  facilities  wnich  consider  the  need 
for  fast  mobilization,  security  against  terrorist  attacks,  sophisticated  secu¬ 
rity,  and  survivability  in  the  event  of  a  large-scale  natural  or  man-induced 
disaster.  Designs  must  also  be  planned  for  a  variety  of  terrain  and  must  be 
equipped  to  deal  with  emergencies  such  as  loss  of  commercial  power  and  weapons 
accidents.  DOD  must  therefore  develop  concepts  that  will  meet  these  more 
modern  criteria,  yet  still  have  as  little  effect  on  the  local  environment  as 
possible,  require  minimum  personnel  and  resources,  and  require  minimal  con¬ 
struction  and  maintenance  costs. 

B.  Purpose.  The  purpose  of  this  study  is  to  develop  and  evaluate 
several  advanced  concepts,  adaptable  to  various  locations,  for  weapons  storage 
facilities. 

C.  Approach.  Weapons  storage  design  criteria  were  established  and 
divided  into  categories  of  operations,  security,  and  safety.  These  criteria 
were  then  used  to  develop  12  conceptual  layouts  for  a  weapons  storage  facil¬ 
ity.  The  12  concepts  were  evaluated  in  terms  of  their  construction  and 
life  cycle  coats,  number  of  personnel  required  to  operate  the  security  and 
safety  features,  load-out  time,  and  land  required.  The  six  best  concepts  were 
tnen  chosen  and  recommen  d  for  fur*  er  development. 


II.  SUMMARY 


A.  Problem  Definition. 

1.  Criteria.  The  number  of  storage  facilities  at  one  loca¬ 
tion  and  the  number  of  weapons  in  each  storage  facility  will  vary. 
However,  in  all  cases  the  storage  facility  must  meet  the  following 
criteria : 

•  Load-out  all  weapons  onto  trucks  in  no  more  than  2  hours. 

•  Withstand  the  attack  of  terrorists  for  at  least  30  minutes. 

•  Survive  the  crash  of  a  747  airplane. 

2.  Components .  The  basic  component^  of  the  weapons  storage 
facility  are  the  following: 

•  Magazine  -  storage  room  for  one  group  of  weapons,  in  which  each 
weapon  is  stored  in  an  individual  cell. 

•  Truck  Tunnel  -  passageway  for  the  trucks  which  load-out  the 
weapons. 

•  Maintenance  Area  -  room  in  which  periodic  weapons  maintenance 
will  occur. 

•  Security/Personnel  Area  -  a  security/command/control  room, 
toilets,  and  a  break  room. 

•  Support  Equipment  Area  -  space  for  emergency  power  generation, 
environmental  control  equipment,  and  any  support  equipment 
required  for  maintenance,  material  handling  or  security  barrier 
systems . 

3.  Modes  of  Operation.  The  use  of  personnel  to  secure  the 
storage  facility  on  a  day-to-day  basis  will  depend  on  location  and 
command  prerogative.  In  keeping  with  current  practice,  the  storage 
facility  will  be  constantly  manned,  with  the  entrances  guarded  and  the 
surveillance  equipment  monitored  in  the  security/command/control  room  by 


personnel  assigned  to  8-hour  shifts.  However,  in  keeping  with  the  pur¬ 
poses  of  this  study,  which  include  reducing  manpower  and  increasing 
reliance  on  passive  security  measures,  it  is  assumed  the  facility  would 
be  unmanned  most  of  the  time. 

a.  Storage .  Most  of  the  time  there  would  be  no  activity 

in  the  storage  facility.  Guards  could  be  posted  outside  the  facility  at 
entrances,  but  no  personnel  would  be  stationed  inside.  Monitoring  of 

surveillance  and  intrusion  detection  equipment  would  be  at  a  remote 
location. 

b.  Maintenance .  Periodically,  weapons  inventory  and 

routine  weapons  and  facility  maintenance  would  require  personnel  access 
into  the  facility.  Personnel  assigned  to  do  the  required  work  (two, 
minimum)  and  a  small  security  team  (two,  minimum)  would  enter  the 
facility. 

c.  Alert .  During  an  alert,  security  personnel  and 

material  handlers  would  enter  the  facility  and  prepare  it  for  load-out. 
Dispersion  of  the  weapons  by  truck  would  be  their  primary  defense  against 
enemy  attack.  A  large  security  force  would  accompany  the  trucks  to 

secure  the  facility  while  open. 

B.  Recommendations .  In  the  following  analysis  the  problem  is  more 
completely  defined  and  the  factors  for  evaluating  the  proposed  solutions 
are  enumerated.  Twelve  solutions  are  proposed  and  each  concept  Is  evalu¬ 
ated  on  its  construction  and  life  cycle  costs;  load-out  time;  security, 
safety,  and  material  handling  features;  land  area  required;  and  number 
of  operating  personnel  required.  Separate  evaluations  are  made  for  an 


assumed  flat  site  and  for  an  assumed  mountainous  site.  The  six  advanced 


concepts  with  the  best  evaluations  are  as  follows: 


Concept 


Recommended  Terrain 


I:  Mausoleum  (Figure  10) 

K:  Carrousel  (Figure  12) 

L:  Windshield  Wiper  (Figure  13) 
E:  Stacker  Crane  (Figure  6) 

F:  Turntables  (Figure  7) 

H:  Trap  Door  (Figure  9) 


Flat  or  Mountainous 
Flat  or  Mountainous 
Flat  or  Mountainous 
Flat 

Mountainous 

Mountainous 
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III.  ANALYSIS 


A.  Facility  Criteria.  Detailed  written  design  criteria  were  not 
provided  and  would  not  have  been  appropriate  for  a  conceptual  study  in 
which  a  high  degree  of  creative  thought  is  desired.  However,  a  skeleton 
of  design  criteria  has  been  provided  by  CERL  and  supplemented  by  Black  & 
Veatch  assumptions.  These  given  and  assumed  criteria  have  been  divided 
into  three  categories  -  operational,  security,  and  safety. 

1 .  Operational  Criteria, 
a .  Given. 

(1)  Load-out  time.  Maximum  storage  facility  load- 

out  time  is  2  hours. 

(2)  Location.  The  storage  facility  sites  are  un¬ 
known,  although  it  is  known  they  will  be  on  land  already  controlled  by 
the  Government.  Site  conditions  to  which  a  facility  design  must  be 
adapted  will  vary  widely.  At  least  six  of  the  12  study  concepts  should 
be  adaptable  to  flat  terrain  and  at  least  six  should  be  adaptable  to 
mountainous  terrain. 

(3)  Appearance.  The  storage  facility’s  appearance 
must  not  be  destabilizing  to  the  local  populace. 

(4)  Personnel .  The  number  of  people  required  to 
operate  the  facility  should  be  minimized. 

(5)  Weapons  characteristics.  This  storage  study 
applies  to  four  types'  of  weapons.  The  weapons  types  will  not  be  mixed 
in  one  storage  magazine.  The  four  weapons  types  have  the  following 
characteristics : 
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Number/  _ Container  Size 


Explosives  (kg) 

Group 

Weight  (lbs)  Width 

Length 

Height 

4.2 

15 

420  1 ' -2" 

5 '-6” 

1 1  -3" 

3. 7/7. 2 

15 

266  l’-lO" 

4’ -9" 

l’-9" 

35.6 

12 

1,465  3'-l" 

9 ’-8" 

3  ’  -3" 

17.8/21.5 

15 

2,877  4’-5" 

14' -0" 

4’ -8" 

(6) 

Weapon  position.  The 

weapon  containers  should 

be  stored  and  handled  in  a  horizontal  position 

The  containers  may  not 

be  stored  in  suspended  positions  or  on  moving  surfaces. 

(7) 

UPS.  A  4-hour  uninterruptible 

power  supply 

(UPS)  is  required. 

(8) 

Manual  load-out.  It  must  be  possible  to  load 

the  containers 

without 

power.  Manual  out-loading  has  no 

maximum  time 

duration. 

(9) 

Load-out  order.  It 

cannot  be 

assumed  that 

weapons  may  be 

removed 

in  the  order  in  which  they  are  stored.  It  must 

be  possible  to  select  a  container  with  a  specific  identification  number 
and  remove  it  from  the  magazine  without  having  to  remove  weapons  stored 
in  front  of  it. 

(10)  Material  handling.  Material  handling  systems 
should  be  simple  to  operate  and  require  little  maintenance. 

(11)  Truck  characteristics.  The  weapons  will  be 
loaded  onto  2-1/2-  or  5-ton  uncovered  cargo  trucks,  which  will  be  part 
of  the  Army's  general  inventory  of  tactical  vehicles.  Each  truck  will 
hold  one  or  two  weapon  containers,  depending  upon  container  and  truck 
sizes.  The  backing-up  of  the  truck  should  not  be  a  necessary  part  of 
the  loading  procedure. 


14 


(12)  Maintenance  room.  A  maintenance  room,  30  ft. 
by  50  ft.,  with  a  14  ft.  ceiling  height  is  required.  Routine  maintenance 
schedules  vary  from  3  month  to  5  year  intervals  for  the  various  types  of 
weapons.  The  maintenance  room  must  be  equipped  with  an  overhead  crane. 
Maintenance  will  not  have  to  operate  without  power. 

(13)  Security  room.  A  10  ft.  by  20  ft.  security/ 
command/control  room  is  required,  accessible  to  men's  and  women’s  toilets 
and  a  break  room. 

(14)  Environmental  control.  No  special  environmen¬ 
tal  control  is  required  for  the  weapons;  environmental  control  will  be 
what  is  required  for  human  comfort. 

b.  Assumed. 

(1)  Weapons  type  selection.  To  provide  a  basis  for 
valid  comparison,  the  study  concepts  are  all  designed  for  the  same 
weapons  type,  the  one  with  the  largest  container.  For  the  same  reason, 
each  concept  contains  two  magazines  of  weapons,  with  each  magazine  storing 
a  group  of  15  weapons  and  one  dummy  container.  Based  on  the  selected 
weapons  type,  a  5-ton  cargo  truck  with  a  21  ft.  long  bed  is  required  to 
transport  each  container,  which  is  14  ft.  long. 

(2)  Maintenance  room  requirements.  A  single  main¬ 
tenance  room  is  adequate  to  serve  two  magazines .  Means  of  transporting 
weapons  from  the  magazines  to  the  maintenance  room  must  be  provided. 
Transportation  of  large  pieces  of  maintenance  equipment  between  the  truck 
tunnel  and  the  maintenance  room  is  required. 


« 
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(3)  Maintenance  personnel  needs.  Maintenance  per¬ 
sonnel  require  access  to  the  toilets  and  break  roost. 

(4)  Equipment  room.  A  room,  distinct  from  the  main¬ 
tenance  room,  is  required  for  the  standby  power  equipment,  environmental 
control  equipment,  and  any  support  equipment  required  to  operate  main¬ 
tenance  equipment,  security  barriers,  and  material  handling  systems. 
Access  to  the  truck  tunnel  is  required  for  moving  large  equipment. 

(5)  Standby  power.  In  the  event  of  loss  of  commer¬ 
cial  power,  there  are  two  sources  of  standby  power:  a  motor-generator 
set  and  storage  batteries.  The  motor-generator  set  should  be  sized  to 
serve  the  tacility's  lighting,  heating,  ventilating  and  surveillance 
systems;  to  operate  the  material  handling  system  motors;  and  to  open  one 
security  barrier  at  a  time.  Since  the  facility  must  be  capable  of  2-hour 
load-out,  a  4-hour  supply  of  diesel  fuel  for  the  motor-generator  set 
should  be  adequate.  The  CERL  criteria  anticipate  the  loss  of  emergency 
generator  power  also  and  require  manual  load-out  capability.  In  this 
case,  storage  batteries  would  be  relied  upon  to  power  lighting  and  sur¬ 
veillance  systems.  Therefore,  the  storage  battery  requirement  should  be 
determined  by  the  manual  load-out  time  duration,  which  may  exceed  4 
hours.  By  reliance  on  storage  batteries,  most  commercial  power  interrup¬ 
tions  could  be  endured  without  activating  the  motor-generator  set. 

2.  Security  Criteria, 
a .  Given. 

(1)  Terrorist  siege  endurance.  The  facility  must 
withstand  a  30-minute  siege  by  well-trained,  well-equipped,  fully 
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dedicated  terrorists.  The  most  serious  threat  of  penetration  by 
terrorists  is  their  use  of  the  shaped  and  plate  charge  explosives. 


(2)  Enemy  observation  prevention.  Enemy  air  and 
ground  observation  of  facility  activities  must  be  prevented,  although 
the  facility's  existence  and  location  will  be  general  knowledge. 

(3)  Passive  measures.  Passive  security  measures 
are  preferred  to  active  security  measures.  Normal  security  must  not 
depend  upon  a  large  force  of  armed  personnel. 

(4)  Intrusion  detection  and  remote  surveillance. 

It  can  be  assumed  the  storage  facility  will  be  equipped  with  intrusion 
detection  and  remote  surveillance  systems.  The  consideration  of  these 
systems  is  not  a  part  of  this  study. 

(5)  Barrier  redundancy.  There  should  be  a  series 
of  security  barriers  at  the  facility,  and  any  use  of  deadly  force  against 
an  intruder  should  be  withheld  until  the  intruder  has  penetrated  the 
outer  barriers,  clearly  demonstrating  his  intent  and  ability  to  do  harm. 

(6)  Transportation  personnel  restrictions.  During 
load-out,  transportation  personnel  (two  per  truck)  must  not  have  access 
to  more  weapons  than  they  are  assigned  to  transport.  Transportation 
personnel  must  not  have  access  to  control  devices  which  actuate  functions 
within  high  security  areas. 

b.  Assumed. 

(1)  Definition  of  siege  endurance.  After  30  min¬ 
utes,  terrorists  may  have  penetrated  the  truck  tunnel,  the  personnel 
area,  or  tne  equipment  rooms,  but  they  must  not  have  penetrated  the 
magazine,  the  maintenance  room,  or  the  security  room. 
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(2)  Personnel  entry.  A  personnel  entry,  distinct 
from  the  truck  tunnel,  should  be  provided  for  use  by  personnel  performing 
periodic  inventory  and  maintenance.  The  personnel  entry  should  termi¬ 
nate  in  a  sally  port,  controlled  by  the  security  room  personnel. 

(3)  Truck  tunnel  protection.  Truck  tunnel  barriers 
should  be  operable  from  the  inside  only,  by  personnel  who  have  entered 
through  the  personnel  entry.  Open  truck  tunnel  entries  will  be  secured 
by  a  large  security  force.  The  truck  entries  should  be  12  ft.  wide  by 
12  ft.  high,  large  enough  for  only  one  vehicle,  to  reduce  vulnerability. 

(A)  Personnel  restrictions.  Maintenance  personnel 
should  not  have  to  enter  the  maintenance  room  through  a  magazine  and 
should  not  have  to  enter  the  security  room  for  any  reason.  Transporta¬ 
tion  personnel  should  not  have  to  enter  the  magazine  or  operate  any 
material  handling  equipment  during  load-out.  Their  only  reason  to  get 
out  of  the  truck  should  be  to  secure  the  container  to  the  truck  bed. 

3.  Safety  Criteria, 
a .  Given. 

(1)  Airplane  crash  survivability.  The  facility 
must  survive  the  crash  of  a  7A7  airplane,  using  the  Nuclear  Regulatory 
Commission  (NRC)  requirements  for  nuclear  reactor  safety.  As  indicated 
in  Appendix  D,  a  3  ft.  thick  reinforced  concrete  roof  slab  buried  under 
10  ft.  of  earth  is  assumed  to  satisfy  this  requirement. 

(2)  Weapon  accident  survivability.  The  facility 
must  survive  the  accidental  explosion  of  the  high  explosive  (HE)  in  a 
weapon,  although  clean-up  of  contaminated  debris  will  be  required 
afterward. 
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(3)  Natural  disaster  survivability.  The  facility 


must  function  after  an  earthquake,  a  tornado,  or  a  flood. 

(4)  Blast  protection.  Blast  protection  is  required 
between  the  containers  in  case  of  accidental  detonation  of  the  HE  in  a 
warhead.  Calculations  in  Appendix  D  indicate  that  approximately  18  in. 
thick  reinforced  concrete  will  withstand  such  a  blast.  There  should  be 
no  line-of-sight  between  containers  or  between  a  container  and  a  magazine 
door.  Accidental  HE  explosions  may  not  be  vented  to  the  outside. 

(5)  Electromagnetic  Pulse/ElectromaRnetic  Radiation 
(EMP/EMR)  protection.  EMP/EMR  protection  is  required  in  the  maintenance 
room,  but  not  in  the  magazines. 

(6)  Material  handling.  Material  handling  systems 
must  be  approved  by  the  NRC.  Preferably,  containers  should  not  drop  more 
than  6  in.  in  case  of  accidental  mishandling. 

(7)  Fire  protection.  An  automatic,  non-water 
(Halon)  fire  protection  system  is  required  in  the  maintenance  room,  but 
not  in  the  magazines. 

(8)  Redundant  exiting.  The  truck  tunnel  must  have 
at  least  two  remotely  located  entrances  and  must  include  truck  turn¬ 
around  space. 

b.  Assumed. 

(1)  Survivability.  A  structural  design  which  will 
withstand  a  747  airplane  crash  will  withstand  an  earthquake  or  a  tornado. 
Floodproofing  of  a  facility  is  best  accomplished  by  locating  where  it 
will  not  be  flooded. 
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(2)  Blast  dispersion.  Based  on  a  container  size  of 
A  ft.  5  in.  wide  by  A  ft.  8  in.  high  by  1A  ft.  long,  the  minimum  dimen¬ 
sions  of  an  individual  container  cell  within  a  magazine  could  be  approxi¬ 
mately  6  ft.  wide  by  6  ft.  high  by  16  ft.  long.  However,  the  individual 
cell  volume  should  be  larger  than  this  minimum  or  the  cell  should  be  open 
to  a  larger  volume  to  vent  gases  and  to  reduce  the  intensity  of  blast 
pressures  that  would  develop  against  structural  containment  surfaces  in 
the  event  of  an  accidental  detonation  of  HE. 

(3)  Location  of  blast  protection.  Blast  protection 
should  be  provided  around  the  maintenance  room  as  well  as  the  magazines. 

B.  Evaluation  Factors.  As  with  design  criteria,  detailed  and 
numerous  evaluation  factors  were  not  provided  and  would  not  be  appro¬ 
priate  for  this  conceptual  study.  The  following  evaluation  factors  were 
developed  during  the  study  period.  As  many  as  possible  are  objective, 
but  some  are  rather  subjective.  Further  development  of  the  storage 
concepts  should  include  the  determination  of  objective  means  for  measuring 
the  subjective  factors. 

1.  Construction  Costs.  The  initial  capital  cost  is  often 
the  major  evaluation  factor  for  a  construction  project.  All  12  concepts 
have  been  estimated  for  construction  on  a  flat  site  and  for  construction 
in  a  mountainous  terrain.  The  flat  terrain  estimates  assume  very  easy 
soil  excavation  and  the  mountainous  terrain  estimates  assume  very  diffi¬ 
cult  solid  rock  excavation. 

2.  Life  Cycle  Costs.  The  full  cost  of  a  storage  facility 
includes  future  operating  and  maintenance  costs  as  well  as  the  initial 
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construction  costs.  Life  cycle  costs  for  flat  and  mountainous  terrains 
have  been  estimated  for  all  concepts. 


3.  Load-out  Time.  The  faster  the  containers  can  be  loaded- 
out,  the  better.  The  time  required  for  loading-out  each  concept  has  been 
estimated,  and  all  load-out  times  are  less  than  the  2-hour  maximum 
allowed. 

4.  Security.  The  more  safeguards  against  terrorist  intru¬ 
sion,  the  better.  The  less  accessible  the  weapons  containers  are  to 
personnel,  the  better.  The  more  passive  the  security  features,  the 
better. 

5.  Safety.  The  more  protection  of  the  weapons  and  facility 
personnel  from  outside  impact  or  inside  accident,  the  better. 

6.  Material  Handling.  The  simpler  to  operate,  more 
reliable,  and  easier  to  maintain  the  material  handling  systems,  the 
better.  The  fewer  means  of  transportation  and  the  less  container  re¬ 
positioning  required  during  the  load-out,  the  better.  Also,  the  less 
care  required  in  truck  positioning,  the  better. 

7.  Land  Requirement .  The  importance  of  a  concept's  land  re¬ 
quirement  is  not  based  on  the  cost  of  purchasing  land,  since  the  facility 
will  be  located  on  land  already  controlled  by  the  government.  The  impor¬ 
tance  of  the  land  requirement  is  that  available  sites  may  be  limited  in 
size,  and  there  may  be  other  land  uses  competing  for  them.  Because  the 
assumed  excavation  conditions  are  so  severe,  it  is  assumed  the  moun¬ 
tainous  site  will  be  remote,  expansive,  and  not  valued  highly  for  other 
land  uses.  The  acreage  required  at  a  mountainous  site  will  be  so  much 
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less  important  than  at  a  flat  site,  land  requirement  is  not  an  evaluation 
factor  for  mountainous  terrain.  However,  for  the  flat  terrain,  the  less 
acreage  required,  the  better.  The  amount  of  land  required  for  the 
facility  itself  is  not  as  extensive  as  the  construction  site  required. 
Every  concept  will  require  adjacent  space  for  excavated  material,  if 
expensive  hauling  is  to  be  avoided.  For  the  purpose  of  comparison  the 
land  area  calculated  for  each  concept  is  bounded  by  the  toe  of  the  slope 
of  the  earth  cover. 

8.  Personnel  Requirement.  The  fewer  personnel  required  to 
be  involved  during  load-out,  the  better.  The  number  of  personnel  re¬ 
quired  for  load-out  includes  security  personnel  and  material  handlers, 
but  does  not  include  any  of  the  deployment  force.  The  estimated  number 
of  security  personnel  is  based  on  the  assumption  that  they  work  in  pairs. 
The  number  of  places  security  personnel  must  be  stat.oned  depends  upon 
the  configuration  of  the  concept.  The  estimated  number  of  material 
handlers  accounts  for  the  assumption  that  a  weapon  must  be  observed 
throughout  its  loading-out,  even  though  the  removal  of  the  weapon  from 
its  storage  cell  may  be  fully  automated  and  remotely  controlled.  In 
several  concepts,  the  lifting  of  this  restriction  would  result  in  a  reduc¬ 
tion  in  the  number  of  personnel  required.  It  should  be  noted  that  the 
number  of  material  handlers  for  a  concept  may  not  be  the  most  cost-  or 
time-effective,  but  it  is  the  minimum  required  for  load-out  in  the  time 
estimated . 

9.  Other  Considerations.  The  scope  of  the  weapons  storage 
problem  exceeds  the  scope  of  the  solutions  proposed  in  this  report.  The 
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study  concepts  are  designed  for  only  one  of  the  four  special  weapons 


types,  the  largest.  By  arbitrary  choice,  only  two  groups  of  weapons  are 
stored  in  each  facility  concept.  Adaptability  to  smaller  weapons  and 
expandability  could  be  concept  evaulation  factors.  However,  since  all 
concepts  would  need  to  be  revised  for  smaller  weapons  or  additional  maga¬ 
zines,  the  subjects  of  evaluation  would  be  vaguely  defined  design  possi¬ 
bilities  and  the  evaluation  would  be  highly  subjective.  Therefore, 
design  flexibility  is  not  included  as  an  evaluation  factor. 

C.  Presentation  of  Schemes. 

1.  Development  Process.  Over  20  storage  facility  concepts 
were  conceived  during  the  study  process.  Sketches  of  all  these  concepts 
are  in  Appendix  G.  The  12  concepts  which  are  evaluated  in  this  report 
were  chosen  from  the  concepts  shown  in  Appendix  G  and  were  further 
refined. 

2 .  Common  Features. 

a.  Operations  Scenarios.  To  provide  a  consistent  basis 
of  design  for  alternative  concepts,  scenarios  for  normal  and  alert  opera¬ 
tions  were  assumed.  These  operations  scenarios  are  presented  in 
Appendix  A. 

b.  Security  Barriers.  There  were  several  ideas  pro¬ 
posed  during  the  study  period  to  prevent  intrusion  for  at  least  30 
minutes.  Sketches  of  these  ideas  are  presented  in  Appendix  C.  For 
consistency,  standard  truck  and  personnel  tunnel  entrance  designs  were 
decided  upon  for  all  12  study  concepts.  The  standard  designs  are  pre¬ 
sented  in  Figure  1.  Although  the  standa-J  tunnel  entrances  are  designed 
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to  prevent  intrusion  for  at  least  30  minutes,  intrusion  through  the 
storage  facility  roof,  a  3  ft.  thick  reinforced  concrete  slab  with 
10  ft.  of  earth  cover,  is  possible  in  about  10  minutes.  (See  Appendix  C 
for  supporting  data.)  To  increase  the  roof  penetration  time,  the  depth 
of  the  earth  cover  would  have  to  be  increased  greatly  or  a  burster  slab 
would  have  to  be  inserted  in  the  earth  cover  to  provide  material  dis¬ 
continuity,  which  would  increase  the  number  of  explosive  charges  required 
for  penetration.  Neither  of  these  expensive  measures  has  been  incor¬ 
porated  in  the  study  concepts  for  the  following  reasons: 

•  Intrusion  through  a  doorway  rather  than  through  a  buried  build¬ 
ing  surface,  such  as  the  roof,  is  the  natural  tendency. 

•  The  earth  cover  will  hinder  the  intruder’s  ability  to  penetrate 
the  facility  in  the  correct  location. 

•  The  intruder  will  be  more  observable  while  he  is  trying  to 
penetrate  the  roof  than  he  will  be  while  he  is  trying  to  pene¬ 
trate  one  of  the  tunnel  entrances. 

c.  Survivability  Features  and  Support  Systems.  The 

structural  designs  required  to  resist  aircraft  iaipact  and  to  contain 
accidental  HE  detonation,  the  estimated  utility  loads,  and  the  proposed 
facility  support  systems  are  assumed  to  be  standard  for  all  study 
concepts.  Although  these  features  will  not  actually  be  the  same  for  all 
concepts,  the  differences  are  too  slight  and  too  vaguely  defined  for  their 
consideration  at  this  conceptual  level.  Further  information,  including 
sketches  and  calculations,  concerning  survivability  features  and  support 
systems  is  contained  in  Appendices  D  and  E. 
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T»I*  (ketch**  on  thl*  *h*v  t  (how  typical  ant  rase*  dvalga* 
for  th*  12  storage  facility  eehMea.  In  *1  ’  kK*m<  th*r# 
ar*  two  truck  entrance*  and  on*  f*r*o««n»l  entrance  In 
aoa*  kIimm  th*  personnel  entrance  parallel*  (ha  truck 
ant  ranee,  and  In  ethar  ache***  it  doesn't.  The  advantage 
of  the  ftrwmel  entrance  parallel  ling  th*  truck  entrance 
ar*  that  oaa  guard  *o* t  can  h*  used  for  both  aatranc**. 
aM  th*  nabtt  of  facility  *nt  rancae  1*  1  tat  tad  The 
advantage*  of  not  locating  th*  p*r*ona#l  tunnel  parallel 
to  the  truck  tunnel  are  that  It  can  ha  ahortar  and  »n 
direct,  and  th*  dietetic*  hateean  harrier  door*  can  h* 
reduced  t>  th*  datrla*nt  of  saboteur*'  ecttvltla*. 

MfUUMS 

Th*  proposed  latru*l«n-r**Utant  door*  ar*  dear  rlbnl  m 
nor*  detail  in  folia*  II.  Append!*  r.  Th*  aata  typ*  uead 
in  th*  truck  tunnal  1*  a  spar*  Fraw  of  *t**l  bar*  and  th* 
typ*  u*ad  in  the  personnel  tunnel  ceaim  of  aartlcal 
•teat  plate*  with  apace ra  hataaan  rhaa  Tha  daalgn  theory 
of  both  door  type*  la  to  provide  a  noacoat  Kmoim  aurf.ee 
rfileh  vtn  retell  re  ail  tip  1*  ahapad  chargaa  for  p*n*tr*ttoa 

Tha  dafanaaa  agataat  •  alngl*  plat*  charg#  pa a*t ratine  • 
aarla*  of  barrtara  ara  tha  ehaaglag  of  tuaaal  dlr*ct(on 
batoaan  door*  and  th*  automatic  clontn*  of  *  door  ahlch  l. 
normally  ogon  and  out  of  th*  way  after  tha  dastruct Ion  of 
th*  door  In  front  of  It.  A  plat*  dtarg*  conceivably  could 
h*  re*  tat  ad  by  forcing  placement  In  a  Viacom  nllia  each 
aa  lattr  Another  possibility  would  be  .  barrier  of  gaa 
confined  by  air  curtain*. 

Th*  door*  ar*  locked  by  a  central  hydraullr  ayatao 
actuating  bolt  wchant***.  Each  door  can  b*  opar.tad 
oanual  1  y  by  chain  holat  or  mialllare  hydrail  1c  pmp.  Th* 
nanual  operation  la  am  rawly  alov  (A  Inch**  In  10  nlnutaal 
to  defeat  annuthorland  entry  in  thl*  wndtat .  t^Ld  entry 
for  author  land  pnrnonnal  la  poantbl*  only  by  ovurrldl^ 
th#  caatral  hydraulic  ayatan  with  control!  Iw Id*  th* 
facility.  To  aatar  ahan  no  on*  t*  tea  Ida  the  facility,  a 
hnyad  witch  U  provided  with  a  HI  a  (nut  a  delay  before  the 
hydraulic  lyitn  atart*  opening  tha  door*.  RapU  entry 
Into  th*  facility  la  tnpoealbl*  unlaa*  avi ho r (tod  from 
In* id*  th*  facility. 

TmiCk  TVH«L 

Th*  typical  truck  tuan*l  aatranc*  ha*  tuo  drawbridge 
door*.  Hoa.  1  and  T.  idilch  *pan  deep  alt*  tdian  open.  Th* 
pita  not  only  alov  Intruder*,  they  prevent  tank  aatry 
Door  No*.  1  through  A  ar*  th*  apace  frw*  type.  Ooor  *o  « 
fall*  ta  place  after  th*  destruction  of  Door  Bo.  1  and  hoor 
go.  t  fall*  la  place  after  the  destruction  of  Door  Ho.  V 
Door  Bo.  2  detar*  intrusion  by  c loo lag  *ft*r  a*  Intruder 
boo  penetrated  th*  (ami.  trapping  hi*  j«  .  aa.c-  too 
■anil  for  hkn  to  ranmln  in  aafoly  «hil#  a*  »•  t-y>  an 
aaploolva  charge  at  the  mi  doer. 

Th*  truck  aally  port  lo  *ot  Assigned  to  d>'.g  *ap  •  •  .ft 
l^oct  or  avploatvaa.  The  atructur*  provfcm  »  out 

M  tha  unathar  la  *lch  a  anhlcla  cm  h  .s>  .  ad  rloarad 
by  aacarlty  parnonaal  bo  far*  it  w«*n  th*  atorag* 
facility.  Th*  track  pally  port  night  not  b*  wad  durl^ 
load-oat.  aloe*  the  duploywnt  fore#  la  raaponalklp  fry 
avtaraal  nncurlty  at  that  time,  but  It  wraly  will  b*  user! 
at  any  other  tla*  a  vphicla,  aucti  as  a  anintonacc*  track, 
naat  enter  tha  facility.  Th#  truck  aally  port  atructur* 
conceals  th#  truck  tuaaal  aatranc*,  and  tt  can  b*  designed 
for  cwpatlblllty  with  local  architectural  style* 

pggio—a.  mu 


BnnUaa  a  narlaa  of  barrier  doors,  tha  ether  latranlee 
hindrance  In  th*  para  in* a  1  tuasnl  u  tha  hamper  above  the 
nlddt*  #d  th*  tuna*)  *ldfc  aetannt leal ly  fill*  tha  tuaaal 
elth  aaad  or  mm  ethnr  appraprUt*  aatar  la  1  vhau  tha 
tunnel  la  Intruded . 

Th*  pernoeael  tune* I  elth  It*  gtate-llk*  door*  la  ttaolf 
th*  air  «*plr  duct  for  th*  a  ter  age  facility.  Air  l*  taten 
fra*  th*  Mat  a  Id  a  lato  tha  ptnanal  tunnel  by  pipe*  ta* 
Mall  for  a  peraoa  to  crawl  thrau^i  Tha  flrat  barrier 
dear  la  th*  paraiaaal  tuna* I  la  airtight  to  pvwont  th* 
•hurt  elrealt  lag  of  *di*Mt  elr  frw  th*  track  tuaa*l . 
Thu  *lr  lutak*  |*  located  within  eight  of  th*  (sard  pool 
•klch  will  be  occ wlad  duatiar  th*  atorag*  facility  1* 
staffed. 

tke*  yeopi*  *r*  act  in  Id*  th*  facility,  amat  llatloa  la 
awt  repaired.  am  for  th*  Margoucy  pan  generator.  Th* 

•  taadby  Mtoc/goaaratar  oat  ahould  ant  ha  star  tod  anto- 
aattcalty  npoa  powr  fallaru.  Banontlal  ponar  ropulra- 
aauta,  ouch  a*  far  latrualea  detect  tan  and  nrrall  lane*. 

M  k#  eat  lifted  by  storage  battarloa,  and  tha - t  ~i 

af  tha. generator 1  •  fuol  wpply  «ho*  w*ratlon  of  deer*  and 
wtarlal  handling  ay* ton*  t*  not  ragnirud  I*  point  1*,# 
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d.  Material  Handling.  Most  of  the  12  study  concepts 
could  be  revised  slightly  to  use  different  material  handling  systems  if 
required  or  advantageous.  Appendix  B  provides  more  detailed  information 
about  the  material  handling  systems  employed  in  the  concepts  and  about 
systems  which  may  be  viable  alternatives.  Appendix  B  contains  for  each 
concept  supporting  data  for  its  estimated  load-out  time.  The  load-out 
time  estimates  assume  operational  efficiency  and  do  not  account  for  human 
errors  or  mechanical  failures.  Manual  load-out  is  also  discussed  in 
Appendix  B. 

e.  Cost  Estimates.  It  should  be  noted  that  estimated 
concept  costs  are  for  comparison  and  not  intended  to  be  real.  The  cost 
estimates  are  incomplete  because  they  do  not  include  items,  such  as  in¬ 
trusion  detection,  which  were  not  part  of  this  study.  Also,  because 
construction  schedules  and  locations  are  unknown,  current  (third  quarter 
1982)  average  U.S.  construction  costs  have  been  used;  the  cost  estimate 
for  a  concept  would  have  to  be  escalated  and  revised  for  any  real  time 
and  place.  The  construction  costs  of  each  concept  have  been  estimated 
for  two  grossly  different  sites.  The  flat  terrain  estimate  assumes  a 
perfectly  flat  site  with  easy  excavation  conditions  in  which  no  rock  is 
encountered  and  no  dewatering  is  required.  The  mountainous  terrain 
estimate  assumes  the  worst  excavation  conditions  requiring  hard  rock 
tunneling  and  blasting.  Either  of  the  two  extreme  conditions  is 
improbable  at  a  real  site,  but  their  extremity  provides  a  better  basis 
for  evaluating  the  schemes  for  different  terrains.  Construction  and  life 
cycle  cost  estimates,  including  assumptions,  unit  prices,  bills  of 
materials,  and  other  supporting  data,  are  presented  in  Volume  III. 
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3.  Sketches.  The  12  study  concepts  are  presented  on  Figures  2 
through  13.  The  sketches  Indicate  the  concepts  in  flat  terrains,  but 
all  are  adaptable  to  mountainous  terrains.  The  brief  narrative  included 
with  each  concept  presentation  focuses  on  the  unique  features  of  that 
concept,  facilitating  the  comparison  of  concepts. 
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D.  Evaluation  of  Concepts.  The  evaluation  procedure  used  to  select  the 
six  best  from  the  12  study  concepts  is  a  very  simple  one  and  is  appro¬ 
priate  for  the  conceptual  level  of  this  study.  For  an  expanded  dis¬ 
cussion  of  evaluation  and  an  example  of  step-by-step  evaluation  procedure 
for  potential  weapons  storage  facility  users,  see  Appendix  F. 

1.  Evaluation  Matrices.  The  following  matrices  assign  scores 
of  -  (minimal),  0  (average),  or  +  (superior)  for  each  evaluation  factor 
to  each  concept.  Separate  evaluations  are  made  for  flat  and  mountainous 
terrains . 


2.  Six  Recommended  Concepts.  The  six  concepts  listed  below  score 
highest  in  the  evaluation  matrices  and  are  recommended  for  further 


development . 

Concepts 


Recommended  Terrain 


I:  Mausoleum 
K:  Carrousel 
L:  Windshield  Wiper 
E:  Stacker  Crane 
F:  Turntables 
H:  Trap  Door 


Flat  or  Mountainous 
Flat  or  Mountainous 
Flat  or  Mountainous 
Flat 

Mountainous 

Mountainous 
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CONSTRUCTION  LIFE  CYCLE  LOAD-OUT  MATERIAL  LAND  PERSONNEL  TOTAL 
CONCEPT  COST  COST  TIME  SECURITY  SAFETY  HANDLING  REQUIREMENT  REQUIREMENT  SCORE 
_ ($OQO's) _ ($000' s)  (minutes) _ (acres) _ 


EVALUATION  MATRIX  -  FLAT  TERRAIN 
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EVALUATION  MATRIX  -  MOUNTAINOUS  TERRAIN 
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INTRODUCTION 


The  weapons  storage  facility  referred  to  in  these  scenarios  is 
assumed  to  contain  two  groups  of  the  largest  weapons  under  consideration. 
There  are  15  weapons  per  group.  No  more  than  one  of  these  weapons  can 
be  transported  in  a  5-ton  cargo  truck. 

1.  NORMAL  OPERATIONS 

1 . 1  General  Assumptions 

1.1.1  The  storage  facilities  will  be  located  on  existing 
Government  installations  where  security  forces  and  weapon  maintenance 
personnel  already  exist.  Thus,  conceptual  concepts  do  not  include 
facilities  for  permanent  personnel. 

1.1.2  The  number  of  storage  facilities  will  vary  depending 
upon  the  missions  of  nearby  military  installations  to  be  supplied. 
There  will  probably  be  more  than  one  facility  at  a  site. 

1.1.3  The  individual  storage  facilities  at  a  site  will  be 
unmanned  most  of  the  time,  and  passive  barriers  which  will  exclude 
unauthorized  entry  for  at  least  30  minutes  and  intrusion  detection 
systems  will  be  relied  upon  for  security.  There  will  be  a  central, 
constantly  manned  monitoring  point  at  the  site  which  may  be  the  security 
room  inside  one  of  the  storage  facilities  or  may  be  some  other  location. 
Although  not  constantly  manned,  there  will  be  redundant  monitoring  of 
surveillance  and  intrusion  detection  systems  at  each  storage  facility's 
security  room.  When  personnel  entry  into  the  buttoned-up  facility  is 
required  for  non-alert  activities,  the  following  scenario  applies. 
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1.2  Securit 


1.2.1  The  security  room  will  be  staffed  with  security  person¬ 
nel  whenever  work  is  being  done  inside  the  storage  facility. 

1.2.2  The  weapons  storage  areas  (magazines)  will  not  be 
staffed  with  security  personnel. 

1.2.3  Personnel  entry  will  be  provided  through  a  tunnel 
separate  from  the  truck  tunnel,  giving  access  to  the  security  room 
through  a  hallway  with  limited  passage. 

1.2.4  Each  entry  portal  will  be  provided  with  a  guard  post 
connected  to  the  central  security  system. 

1.2.5  No  guard  post  or  security  room  will  be  staffed  with  less 
than  two  men,  when  staffed. 

1 . 3  Maintenance 

1.3.1  Periodically  (about  once  a  week),  at  least  two  people 
will  enter  the  storage  facility  to  verify  that  the  weapons  containers 
are  in  place  and  to  monitor  the  contents.  The  material  handling  equip¬ 
ment  will  be  exercised,  and  doors  and  other  equipment  will  be  operated 
not  less  than  once  per  month. 

1.3.2  Weapons  which  require  maintenance  will  be  moved  to  the 
maintenance  area  using  the  material  handling  equipment  for  that  respec¬ 
tive  weapons  group. 

1.3.3  Security  personnel  will  monitor  and  control  access  to 
the  weapons  during  maintenance  and  inventory  operations. 

1.3.4  Interior  facility  maintenance  will  be  minimal  but  will 
be  necessary  during  the  25  year  life  of  the  facility.  Presumably 


59 


facility  maintenance  will  not  be  done  by  weapons  maintenance  personnel. 
Facility  maintenance  personnel  will  be  accompanied  by  security  personnel, 
and  their  access  to  the  magazines  and  to  the  security  room  will  be 
severely  restricted. 

2.  ALERT  OPERATIONS 

2 . 1  General  Assumptions 

2.1.1  The  loading-out  of  weapons  will  occur  after  an  alert 
has  been  declared,  allowing  time  for  full  staffing.  Alerts  will  not 
always  result  in  load-out. 

2.1.2  Once  an  alert  has  been  declared,  the  facility  will  be 
fully  and  constantly  manned  with  at  least  four  personnel:  two  security 
personnel  and  two  material  handlers.  The  actual  number  of  personnel  will 
depend  on  the  concept  design. 

2.1.3  The  deployment  forces  will  consist  of  a  command  struc¬ 
ture,  a  suitable  security  force  and  the  30  trucks  which  will  transport 
the  weapons  out  of  the  storage  facility.  Only  the  trucks,  with  one 
driver  and  one  passenger  per  truck,  will  enter  the  storage  facility. 

2.2  Truck  Entry.  After  the  deployment  force  arrives  at  the  storage 
facility  and  secures  the  site,  the  security  personnel  within  the  storage 
facility  will  open  the  truck  tunnel  barriers.  The  barriers  will  remain 
open  during  load-out  to  speed  the  movement  of  trucks.  Security  personnel 
at  the  entrance  end  of  the  truck  tunnel  will  identify  to  personnel  inside 
the  facility  which  weapon  is  required  by  a  particular  truck.  Each  truck 
driver  will  be  directed  to  the  proper  loading  area  which  will  be  identi¬ 
fied  by  signs,  paint  color,  or  lights.  The  proper  parking  position  will 
be  depicted  on  the  area  required  for  loading. 
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2.3  Truck  Loading.  The  material  handlers  will  direct  the  truck 
into  the  correct  loading  position,  if  required,  and  will  verify  the 
weapon  to  be  loaded.  The  material  handlers  will  load  the  weapon  con¬ 
tainer  on  the  truck  and  supervise  securing  the  container  within  the 
truck.  Transportation  personnel  will  secure  the  container  within  the 
truck,  but  they  will  not  be  involved  with  moving  it  from  the  magazine  to 
the  truck.  The  advantage  of  using  transportation  personnel  to  load-out 
the  weapons  would  be  that  material  handlers  would  be  unnecessary. 
However,  the  use  of  material  handlers  is  justified  by  the  following: 

•  The  handling  of  containers  in  the  simplest  manner  conceivable 
by  personnel  unfamiliar  with  the  operation  will  be  un¬ 
predictable  . 

•  Material  handling  in  a  predictable  manner  is  the  basis  of  the 
facility  design. 

•  The  efficient  and  rapid  deployment  of  containers  is  the  justi¬ 
fication  for  building  the  facility. 

•  The  training  of  a  material  handling  crew  of  two  to  eight  per 
storage  facility  will  be  cheaper  than  training  transportation 
personnel  (60  per  storage  facility)  to  do  the  job  of  loading. 

2.4  Truck  Exit.  After  the  container  is  secured  in  the  truck,  the 
truck  will  be  dispatched  upon  advice  from  security  to  proceed.  The  truck 
will  not  exit  by  the  same  tunnel  it  entered  to  avoid  the  crossing  of 
truck  traffic.  The  barriers  will  have  been  opened  by  the  internal 
security  personnel,  and  the  tunnel  opening  will  be  secured  by  the  deploy¬ 
ment  security  force.  After  all  trucks  have  left  the  storage  facility, 
but  before  the  deployment  security  force  leaves  with  the  trucks,  the 
facility  will  be  reclosed  and  secured. 
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APPENDIX  B 
MATERIAL  HANDLING 
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MATERIAL  HANDLING  EQUIPMENT 


DO  NOT  WRITE  IN  THIS  SPACE 


CONTAINER 

A 

6 

C 

WE16MT 

1 

S'- 6" 

l'-2" 

r-3- 

410* 

2 

4 *-r 

i*-7* 

t*  -10" 

2fc4>* 

3 

4 -ft" 

3*-l" 

3‘-  3" 

14-A5* 

4 

14-0" 

4-S" 

4* -8- 

1877* 

2.  Moving  D«vicf, 

A  tVh&dcc/  OoJ/i'e.i 
S,  Afartoroki  / 

C~  Con  Vtnj&r'i 

D.  Crane.* 

£  Fork/W  7?ucJt* 
F.  PVkt* 

Q.  Dock  Level*  rj 


<x 


* 


+ 


66 


DO  NOT  WRITE  IN  THIS  SPACE 


A.  Wheeled  Dollies.' 

(DUM’DeUf 


CAkltw/Hookl 
on  winck** 


•  Ratchets  ■ 


" _ 111 _  -»•» 

IT' 

V -  1 

u 

1  — -tj) 

u 

1  Option*.  I 
'  Caite.fi 


^Cotters 
(Steerable  ir 
0*  tired) 


faooks  Pickup 
Handle* 


'Track 


tfote:  Doll*(  COkrt  be.  wp&e.  Vo  cnlt^  larger  than 

•Hut  contrarnei"  9or  transporting  easily  • 


(2)  DolUj  Wheels 


Actuating  L«V*r> 
For  Raising 


T-'r 


Clearance 


'Floor 


(lofe*  Wheals  ere  mount ed  in  forklift  slots  from  caak  side  end  locked  ie 
place.  The.  actuaitin^  lever*  operate  eccentric  o.*J«c  vrkiofc  Itft  container 
a  ad  lock  over  center.  Container  cen  be  etoarad  like  a  f©»*r  wheel  hreilen 
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C,gE.L».  STUDY 
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Z 


No+o*.  Ho'ist  selection  is  all  electric,  electric  lift  o-nd  menus!  frcvorjo,  sit 
iNAKM^tr  menus  I  lift  sni  eUctric/menuel  trevorse.  Trctk.  can  fee  em^ 
eft  proprietory  vrfivcU  Viavs  »n»)tcWes,  ferencliet, 

pro «^<a w\  8  ci  control  f»r  Automatic  distribution. 


“  (tl  V)«4er  Floor  R«it 

K 

* 

H 
O 

z 

0 
a 


5r 


Note.  Pouiersd  ckotn  dra^s  load  in  three  dim entis os,  up  or  damn  medium 
grades,  eround  comer t,  etc. 
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CEI?L  STUDY 
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*Pl©er  kin* 
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Hot Jib  mount's  »n  *ta»darci  forks  and  vs  raised  bvj  raising  forks. 


(4>)  Special  Pallet  Truck 


Motel  Pallet  truck  is  wider  and  longer  ttvan  standard.  A»  pallet  under 
tWe  container*  mould  allow  usin^  a  pallet  truck  uivHt  onty  special 
+  length  fork*. 
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TRUCK  POSITIONING 


It  is  important  that  possible  truck  driver  error  or  incompetence 
not  be  allowed  to  hinder  rapid  load-out.  Therefore,  the  storage  facility 
design  should  ensure  that  the  truck  stops  in  the  right  position  for 
loading.  Most  of  the  concept  load-out  times  do  not  include  time  for  truck 
positioning;  those  concepts  which  employ  a  material  handling  system  with 
only  two  movement  directions  do  allow  a  small  amount  of  time  for  posi¬ 
tioning. 

Truck  positioning  should  be  by  passive  means  and  should  be  verified 
by  a  material  handler  prior  to  loading.  Passive  means  of  lateral  posi¬ 
tioning  include  curbs  and  ruts  which  would  be  large  enough  to  be  felt  by 
the  truck  drivers  but  which  would  not  be  obstacles  to  the  tactical 
vehicles.  The  truck  drivers  would  learn  to  stop  when  they  intersect  a 
light  beam,  a  flexible  wand  suspended  from  the  ceiling  or  wall,  a  bump - 
on  the  road,  or  some  similar  device. 
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LOAD-OUT  TIME  SUMMARY 


CONCEPT 

NAME 

MINUTES 

A 

HAND  TRUCK 

44 

B 

CONVEYOR 

61 

C 

MONORAIL 

71 

D 

GANTRY  CRANE 

60 

E 

STACKER  CRANE 

55 

F 

TURNTABLES 

36 

G 

HAYLOFT 

53 

H 

TRAP  DOOR 

22 

I 

MAUSOLEUM 

35 

J 

SHUTTLE  CAR 

53 

K 

CARROUSEL 

48 

L 

WINDSHIELD  WIPER 

68 

Total  Facility  Load-out  Time  =  +  ^ 

Where 

X  =  Load-out  time  for  one  weapon 
Y  =  Non-sequential  operations  time  for  one  weapon 
Z  =  Number  of  trucks  per  magazine  loaded  simultaneously 
15  =  Number  of  weapons  per  magazine 
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CONCEPT*  _HAND  TRUCK  Co/HLeST  A  PA6E.N0.J_0F  _|_ 


OFF  LOADING  TIME  ESTIMATE 

' 

0  PERL 

DESCRIPTION 

TIME 

JO 

Dri^fir  c^eors  5«cunf*^  and  praceod*  ujt&  truck 
to  dcsiqnafed  porfal. 

!is 

to 

Position  trt*ok  ^ot-  pr-oper  loadiMop 

30 

MaVerjal  handler  uses  paUef  truck  V®  rHo^e. 
Conkiier  To  loading  d^ck. 

3.Z5 

40 

Atfcck  situate  contai  ne.r  and  raise  To  loading 
kei^Vvf . 

.50 

so 

Movtf  br.(d^cr*n«  +o  Truck  anA  l®u*cr 
C.onfaivtf*To  bed  of  frock. 

1.50 

(oO 

Rcrrtove  slm^  and  Secure  conVaintr  in  truck 

.45 

Tes+a)  Minuses 

6.95 

Note:  Pall  of  truck*  or  fork  l»ff  track  i  can  ffi  used 
wiH>  fkis  arran^enc^f.  Tloo  pollcf-trucks  u/ijl 
opeoxfe  Sttnulfaneoasl^j  m  tack  i>;tc»p«n5  amt. 

*N®n-  »«4uenf«al  operations 
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OFF  LOADING  TIME  ESTIMATE 


OPERJ  description  time 


II 

10  Pnver  clearj  aecurtkj  and  pr ozccAs  un+t  fri<«.k.  fa  -15 
desxqrt^d  portal. 

CO  Upon  identifies.!  ion  of  the  proper  container.  tf»B  .54 
material  Handler  locally  operates  the.  container 
tranyf  er -fe  ttie!  live*  corWecjor 

30  Container  is  transp© rfed  a-lon^  convtw for  to  dock  1.80 
area  Olvera  4l\s  bridge.  cran«  is  positioned  b« 
receive  it, 

40  TVte  Inwdlinej  *lin<{  is  backed  .25 

50  TVte  bridge  crane  lifts  -Hte  container  and  moves  ,55 
if  info  loadinq  position  «S  ftie,  Ccmta.in.er  lifurhci 
*o»tt»  the.  axis  parallel  uu<ft  tkie  truck.  axis. 

bo  Container  is  lowered  to  bed  of  truck  and  filing  .50 
removed. 

10  Container  is  secured  in  truck  and  fke  truck:  ,35 

clispa-tcKed 

Total  Minutes  4.74 


Men-  sequential 
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concept*  monorail  Couierr  c. _  pagend.jlof_l 


OFF  LOADING  TIKE  ESTIMATE 

OPER. 

DESCRIPTION 

TIME 

10 

Driver  clears  5«curiti|  anti  proceeds  with  track 
fa  designated  porfa.1 

**T5 

2.0 

Posifion  f ruck  -for  proper  loading 

SO 

30 

Upon  identification  of  Hie  proper  container 
the  material  handler  raises  “Hie  container 
and  moves  if  aloncj  file  monorail,  under  power, 
fo  fite  f;  u.ck  loading  area. 

2.55 

40 

Lower  ttve  container  fo  Hie  truck,  bed,  remove 
slincj  and  secure  rite  container,  and  dispatch 
the  truck. 

-65 

50 

Move  brollcy  hoist  and  slintj  to  storage  area 

1.00 

Tota\  Minutes 

5.45 

*  Non-se^ue*vtial 
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CONCEPT  GANTRY  CRANE  QjOkt£.PT  E _  PAGE. NO- _L OF _L_ 


OFF  LOADING  TIME  ESTIMATE 

* 

OPEKL 

DESCRIPTION 

TIME 

10 

Driver-  clears  securiVcj  and  proceeds  u/i+-K 
Vruck  jro  desicjnafed  porf<J. 

a 

20 

Posifion  iruck  for  proper  loading 

.so 

30 

Upon  idenKificaf  ion  of  -Hrifi  proper  conVainer 
•Hie  material  handler  aiVacVies  H'va  <^anVr^  crane 
Kook  +©  Hie  c©n+ainer  slin^. 

.35 

40 

Confainer  is  lifted,  transported,  and  lowered  Vo 
the  bed  «►£  4-kc -truck . 

LS0 

SO 

Slin^  is  removed  from  Hie  confainet;  Container 
it  secured,  and  Vruck  15  cliypaVcked. 

.60 

60 

Slinq  is  returned  Vo  cmp-fy  stall. 

LOO 

ToVal  Mmu+es 

4.10 

Non-sec^uential 
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PAGE- NO.  J_  OF  _!_ 


CONCEPT  STACKER  CRAKE  CoMe.PT  C 

OFF  LOADING  TIME  ESTIMATE 

OFERl  DESCRIPTION _ [TIMS 

jf, 

10  D river  clears  fitcur i-J-^  and  proceed*  wvlh  truck  to  .“IS" 
de.sic^na.i’&d  pe>rl-al. 

ZO  Upon  idenfificaVion  of  fke  proper  c.on  Vainer  I.TS 
maVerial  handler  Vransfers  &e  conVawerVo 
Vhe  Vransfer  area.  (Local  Confrol). 

30  Material  handlers  secure,  slmq  o»hd  position  container  .40 
under  crane. 

+0  Ljft  c°n+a.inev-,  +urn,  position  over  truck  and  .®5 
loujer  Vo  bed  of  Vruck 

50  Remove  slinc^  secure  Container  in  truck,  and  .feO 
dispaVcL  truck- 

ToVa)  Minute*  4.35 

i 

Note’.  Shncj  is  returned  h>  transfer  area  u/Uile 
next  container  is  bemcj  brought  Vo  H\«  area. 


Non~  sequential 
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CONCEPT 


PA&E.N0l_LOF_L 


10  Driver  clears  security  and  proceeds  uvit+k  ,75 
Truck  To  desi^nafed  porTod. 

10  Turn+able.  i»  pon+ioned  aT  proper  container.  l?aise  .20 
co/i vector  and  move  conTcwner  To  TurnTable. 

30  AH-acVi^lm^  and  roTade  TurnTabk  To  proper  .84 
posiTlon  for  loading 

40  Move  container  over  tbc  Truck  b«4  and  louder  To  ,b0 
pas  iTion. 

SO  Remove  slm^  artd  secure  container*.  Dtspafck  .60 
Truck- 

ToTa.1  MwuTes  3.09 


Non-  Stc^uerTial 
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CONCEPT  HAYLOFT  tONCJE.PT  G- _  PAGE  NO. 


OFF  LOADING  TIME  ESTIMATE 

OPEKL 

DESCRIPTION 

TIME 

10 

Driver  clears  *ecun4-n  and  proceeds  wilkfruck 
+o  desi^na^ed  por+ai. 

*ts 

2o 

PosiVion  -fruck  for  proper  loading. 

.50 

30 

Material  handier  ra\5e.s  con-Vainer*  (7  ftl  from 
SVa.ll  u>»Vk  bridge,  crane  and  *nove.j  +t>  open 
Wafch.  (An  average  dis+ance-  o£46>fr) 

1.43 

40 

Loujer  Con+ouner  4o  kruck  bed  and  disen 

Slinq.  (^3  ft  doum'l 

1.17 

50 

Secure  co nkoun«r  artd  dispa-Vch  fruck- 

.35 

ToV».\  Minu+e-s 

4.20 

No«-Se<juenf  ia.1 
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CONCEPT  TRAP  poog.  CoHLEPT  H _  PAGE. NO.  J_  OF  _L_ 

OFF  LOADING  TIME  ESTIMATE 
OPERj  DESCRIPTION  [TIME 

10  Dnver  clears  secur'd^  and  proceeds  wifh  Vr-uck  .15 
■Vo  desiqnaVed  porVal. 

-  - . 

20  PosiHorv  Vruck  for  proper  loading.  *50 

30  Maferjal  handler  raises  conVainer-from  showed  .15 
poiif/on. 

40  Open  haVck  cover.  .15 

50  MaVerial  handler  lowers  con+a\ner  Vo  material  \.Z5 
handler  below  Vo  position  conVainer  on  truck. 

( Con+r© l  pendanV  passed  down  also- IS fr) 

6>0  MaVerval  handler  below  lowers  cor  Vomer  Vo  the.  .15 
Vruck  bed  <Lnd  removes  lifting  sliw^.  KaVerial 
handler  operaVes  "retract *  button  for  hoisV. 

70  ConVainer  n  secured  in  Vruck  and  truck  is  35" 

dispa.Vc.hed. 

Total  Minutes  4.00 

NoVe:  Trucks  can  be  loaded  as  fast  as  material 
handler  above  can  lower  containers  except 
when  two  adjacent  containers  are  required. 

Non  -  sequential 
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CONCEPT  MAUSOLEUM  CONt.£.fT  X  PAGE. NO-  Jl  OF  J_ 


OFF  LOADING  TIME  ESTIMATE 


DESCRIPTION  LT1ME 


10  Driver  clears  SficumiTcj  and  proceeds  vsft+W  ,15 
Truck  To  ciesi^naTed  pe>rf<xl. 

20  PosiTior*  Truck  for  proper  loading.  .50 

30  Loujer  blasT  door  o.r\ti  pull  conTcurier  uwder  .50 
bridge  crane. 

40  A+Tack  alin^  To  conTamer 

l 

i 

50  Raise  conTamer  T*©  heic^UT  ©f  Truck  bed  and  .35 
move  conVatner  to*  Hi  bridge  crane  inTo  loadwi^ 
posihon. 

i 

<oO  Lower  conTa»ner  on+o  Truck  cwai  disenqaqe  .3? 
J&lmcj. 

70  Secure  confanner  and  dispatch  Truck..  .35 

T°Tal  MinuTes  3.0S 


Men  uen+i  cs  l 


CONCEPT*  SHUTTLE  CAR  CotJtB.PT  J  PAGE  NO.  _L  OF  J_ 


OFF  LOADING  TIME  ESTIMATE 


DESCRIPTION  [TIME 


10  Driver  clears  security  and  proceeds  witt  truck  *TS 
designated  portal .  (Portal  is  open  V  slmq 
in  place.) 

CO  Material  handler  pulls  container-  into  position  .30 

under  koist. 

30  Secure  Hoist  to  slm<^,  raLe  container,  hum  9o*,  2,25 

and  position  container  aver  truck  for  loading. 

40  Lower  container  to  truck  bed  and  disenqaqc  .50 

slinq. 

50  Secure  container  and. dispatch  truck..  .25 

Total  Minutes  4. IS 

+  .10 

**  #>r 

Hote:  Shuttle.  Cars -require  3.2_minutes  tor  4.25 

positioning  to  off  load.  TV\eretoreoff-loadmc\ 
is  limited  biq  shuttle  ear  speed. 


Non-  sequential 


CONCEPT  CARROUSEL  CONCEPT  <  PAGE  NO.  1  OF  l 


OFF  LOADING  TIME  ESTIMATE 


OPER. 

DESCRIPTION 

TIME 

10 

Driver  clears  security  and  proceed s  hrv*cl; 

+o  dfiil^rtaVed  porta.1. 

* 

20 

Position  Vru cW_?dr  peeper  loading 

.50 

30 

Atfac^sifn^  Vo  can+aintr  and  rat-jj*  Vo  loading 

.45 

4o 

Move  conVainer  overtrade  and  rotate  ?0* 

\.Z5 

50 

L.owJ<r  container  to  bed  of  +ru,ck 

.-VO 

GO 

Remove.  ilincj  and  jrtcur*  container  i «  +ruc.lc 

.°rS 

70 

DiSpaVcVi  truck 

.  10 

Total  Minutes 

vjo 

NoVc*.  Time.  Ke^u'irc d  Vo  pos’ifi&n  carrou.se!  upon 
notice  of  container  uVobe  offloaded  is 

*r  »nir\u^*5  rn«.*imuin 


Non  -  S6A  uenYiCk.\ 


CONCEPT  WlNPSNlE 


OFF  LOADING  TIME  ESTIMATE 


DESCRIPTION 


PAGE-NO.  JL  OF  _L 


M 


10  Driver  clears  securi-V^  and  proceeds  ujtVl^  ,~J5 
Vruck  Vo  desi^naVed  porVad. 

2.0  Selecfed  container  is  autamadicall^  dr spaVctad  2.50 
Vo  convenor  bridge  and  moved  ■ho  loading  k«ta!n. 

SO  Hovs-§ ivi«j  sIimcj  n  placed  an  container  and  is  1.25 
reused  and  positioned  over  truck,  Cortvcijor 
jpridqe  is  £reeio  ifo  ta  next  container. 

40  Container  is  lowered  Vo  -brack  bed,  Udislin^  .T5 
slmcj  removed,  and  container  secured  in 
truck.  Truck  is  dispatched. 

Total  Minutes  5.25 


Nor,  -  se^ue^v+i'cx  l 
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MANUAL  LOAD-OUT 


One  of  the  design  criteria  is  that  the  storage  facility  be  capable 
of  manual  load-out.  There  is  no  maximum  time  duration  for  manual  load- 
out,  but  the  time  required  is  significant. 

On  the  following  pages  are  manual  load-out  time  estimates  for  three 
of  the  twelve  study  concepts,  representing  the  range  of  durations.  The 
estimates  assume  that  personnel  additional  to  the  number  estimated  for 
powered  load-out  would  be  available  for  manual  load-out.  The  horsepower 
required  to  operate  some  of  the  concepts  is  substantial.  It  is  estimated 
that  one  man  could  exert  3/8  horsepower  for  no  more  than  30  minutes  at  a 
time. 

The  manual  load-out  time  estimates  do  not  include  the  manual  opening 
of  security  barriers,  which  would  require  at  least  30  minutes  to  meet  the 
design  criterion  of  delaying  unauthorized  entry. 
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CONCEPT  ^SUPEglOfT  SATED  MA.TL  HANDLING  (to  PAGE  NO.  2_  OF  _L 


OFF  LOADING  TIME  ESTIMATE 


DESCRIPTION  [TIME 


-  POWEE  OFF  - 

JO_  Driver  clears  aecurj-f^  aittA  ptocje^s  vtfiUv-V^^k  *75 
—  to  ^evyver^enG.i-j  povac.iro.cl "  desi^naJ-fii  portal. 


.  2.0  -  PoftiViowJ-ruick  ^otjpraperJofluim^ _ _ .^0_ 

-30_  Matartal  hcuiiiltr__uifiS_po.llel-  +ru.c.W.  Vo  move  -  _  .  S.O 
_ conL>iwer  ta  loauimcj-ci&cJc,  „  ..  ... 

4*0-  AitacU  sliv\f|  4o  Cottrtai nor"  a iA  .mcmuuxlL^  operate—  *25. 
_ hoist  ta  rail**.  +q  Looditt^  kei^kta _ _  _.  ______  _ 


-50 


3.Q 


£emovtxli«vq  o>rvd  secure  contaHerintaAok.. _ -.4-5 

_ _ _ _ _ _  _ _ T«feflkLHmuic  v.  ...  10.45 

To-ta.1 -i-iruft-hsi  A5£artataeri_£rom.  l  lonii*. 

0SV.12)  *  U5  *  139.25 or  .2.2 hours 


Non- 5e^u«M4i*l  OperoiViortS 
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OFF  LOADING  TIME  ESTIMATE 


DESCRIPTION 


FAGS_NO.J_OF_L 


I  Hi 


_ _ -  POWER  OFF-  . 

_IO_  Drivtc  d«ar^S£curi4-t|_and  proceed s truck 
_ to  "-e.\«vtr^t»LCL^  powered"  dcsic^flaied-  por4.a.\.  ..  . 

_Z0_  Pj55iliftniriulcJ'Oi*'_pfiaper  _ _ .>  .50l 

_SO  UporL_identjPica4,ion  c^_4He  proper  con-Irfti^er  fVvc  .v> 
M&keri&l  handler  cvlTc^cU e 5  fk<.  ^aa4t<^  cra»ie  book ._ 

•fo  .  bbeco&f&jticr_sliH^ _ _ _  .. 


Conkctmer  is  Ii£fce«l j^cuauAll^  Fr« 4]f\e_s4ouiocL  __ 
.poJiAieiv. _ _ _ _ 


Expend  boojin_»r_cr’ftGe  A.nd  to  ^aArvl-isj 
mao'Nu.Alivj  io  _p(acc_cotn4»\irt«r  jy\  truck. 


70_  Si  .removed  $tatf\  Ute  cowt^iAor^  Secured, _  .bO 

...  ...  a»vd truck A«  dispatched. __  . 


SO  Sliriq  is. returned  to  e»v*p4  vj  *Wl.  4.6 

* 

N©n-Sfi^u*.nfoo.\  operation.  Total  Minuses  14.2 
T>Vn*  to  emjpti^  IS  containers  £rom  l  unit? 

OSx  !3»4S)  ■*\7S  9  2  02.  Swim.  c?r  3. 4  hours 


RA6ELNQ.  J_OF_L 


OFF  LOADING  TIKE  ESTIMATE 


DESCRIPTION 


—  POWER  OFF  — 


10  _  Post-ilo^  co^£Lm_«yJ  af  uoloAthn^  pcrTal  .  14*9 

ZD_  MclfriOsI  cc»44aiwe^jnto  posilien..  tlo 

_  .  undtvr  Uois-T.  . . 


30  _  Secure  WoisUtt  slm^,  jralisc  co^Vcu^dr  nutmuilly, 
_  __  Twnr»\  90*  art<i  poiiHorv_C6r>tai«tr  ov«vi  Vrwclc  _ 
._  _  forJCfAcLi*^  _  _  _  _____  _ _ _ _ 


Louocr  C^v\4aiyvir  la  o.v\d  <L e.  J5 

._  _  ._  _ _ _ _ _ _  _ _ 


.50  5coa¥*c.  co'aVoani.*''  and  d  i  s  pail- d  "b-u<k 


T«*V*l  -MiAud£vJl93 


NoVe.;  Two  wdrLrn^  canslan-Uij  a.4  "  W<unl’ 
K)o>jrk  C+ofal 'VVkpVvwom^i  bt  rcc^iy'gd  Id  _.  ._ 
^.oxiVi'ofL co_ni*me.rj5-  _  _  _.  ....  ...  . 

Time  To  e.mpKj  i5  c.onTajn<vs  £r«wn  i  a  mV’.  . 

IS  x  19.1  *289,5  m in.  o*r  4*.  6  Vi©u,v*4 
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DO  NOT  WRITE  IN  THIS  SPACE 


CONCEPT*  BAR  TYPE  .EAR.Rl£E_  PAGE  NO.  i. OF  I 


1  OEMOL/TIONi  TIME  ESTIMATE 

OPER. 

DESCRIPTION 

TIME 

10 

Place  p-ecut  diamond  skaped  charge* -12  places 

.35 

to 

Sfitune  rUioaa.h>T4- cj>rd  fcojrtarqei 

,40 

30 

Move.h?  ..^aTe . d (stance  defonAte.  .  .... _ 

,/5_ 

.40 

Move  "to  b^rrieT _ _  ..  .. 

,25“ 

GO 

Secure  detortAtirq.c<>rcL 

.40 

70 

Move  t-o  saTe.dukajBte-i-defDna'te 

» 

.30- 

j&D 

Mav<  fes  barrier 

90 

Place  pre,cu.f  charges  _ _ 

.35 

100 

Secure  cord. 

.BO 

IIC 

Move  4*0  5a?e  di  stance  ^  detonote. 

,55 

120 

MoVe  throw^k  terrier 

.to 

TofM  Min, 

5.80 
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,  BLACK  & 
*  VEATCH 

CONSULTING 

ENGINEERS 


Subject _ CE.fl  L _ STUDY 

WORK.  _  Wckfc'-i  Plftj-c.  Bamer- 


Commuted  Sy_ 
Checked  By _ 


KiMfAf  CITY 

DrNvr*  Project  No  10304 

OrntNoe 


File  No 


Page  no 


_OF. 


WIOTM/THICKNESS  RATIO 
l  TO  I  Co 

bj 

J  Nett;  Do oTS  bu.il*  Ap  tn  -rttis  wiAruit.r  would  n*t“  ofifer  enoue^W  >ur4dc«.*« 
^  do  rrt<xc.V»  iixw\o.<\e..  The  places  sJiotAld  to  cUep  enotjv^li  -VUaf  -tfie.4 
q  c.audcU‘f  b«.  cu*  wjj*U  a.  ^aped  charge.  a*4  die.  spowcsrs  mus+  urns* 

2  bias-*  iwtpuJjc  +!►  ^«Yen4'  door  c.AVe-in.  A  -friablo  material,  JucA  At 

0  plafirie-  fe^m,  would  prove ds  *n  additional  barrier  wlie>ii 

placed  ik  tde  Air  qaps. 


Word -facing  rmvtena  1  is  rrp©f*txdU{  PUrKc  cuf  resii+aM-h- 


+ 
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PAGE  NO.  J .  OF 


CONCEPT 


OPEfc 


.WEST'S  PLATE-  BAKJK1EK 


DEMOLITION:  TIME  ESTIMATE 


DESCRIPTION 


TIME 


TKi«  i»  ouYsvit  \W*-yeal»v\  c>f  our  abiiikj 

pred'ieY  -ttxe  ^e.moU4iow.  +T tnt.  Ye  u^ill  J?c  ccwi-Sii^reti 
a.  (o  -  n/WMu4"<.  burner*  conc&ptuial  purposes . 


A  plttwft-  cUar^e  &>*  door  au>o.t| 

aft^j  otaor  vjfdkm  t^c  !in£  ofr  bU'S.-r- 
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DO  NOT  WRITE  IN  THIS  SPACE 


File  No.. 
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consulting  Work _ 

ENGINEERS 
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DcNvsn  Project  No.. 

OKLANOO 


STUDY 


in  8^ 


Computed  By_ 
Checked  By _ 


Poor'S  «r  b<L>-rie.rs  be  re»isf«wV  shaped  charge  «  as  uJtH  a* 

ConvA«rHo*%a.i  eufKr^  or  -forcing,  TWi?  can  be.  occsmpluKcd  btf  several 

me.an.3  as  slioujft  below: 


m  V- 

v  i 


M  * 


Thickrues* 


Air  Space  MalKple  Surface 5 


.WiTA. 


Ms  "  Surface 


IrTssiAlar  Surface  .  'f/  . 

V  EU&h'ic 


The  mefhoA  proposed  is  a  combi  ns-hon  of  ffyese  ideas: 


CkaivUink  VArc 
&p.V-VM4ed  +*34' 
FLaie.  - - - 


,  VlT  Ai»*  Spaa*  (ViaVed) 

^“Pidc. 


VJK  *  55  IW/fr* 
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INTRUSION  BARRIER 
(SERIES  Of  DOORS) 


u 

u 

< 

a. 

ui 

in 

l 

i- 

z 


III 

I- 

X 

5 

H 

0 

z 

o 

a 


'T 

VC, 

'Nj 

O 

3? 

O 


+ 


CONCRETE 

Air  space 

STEEL  PLATE 


Not*:  Doors  ca«%  b* 
J  To  c*  balance 
«*cK  *H\tt**. 
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b 
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5 

b 

o 

z 

o 
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<D 


13  P/DOWN  DOORS 


Poe* 


VeRHCftL  SUDS  UP  4  DOWN 

4  horizontal  slide 


slide  our  4  horizontal 

SLIDE 


Conventional  swing 


+ 
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hi 

u 

< 
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TV)<,  moun+i*cj  e£  door's  or  burners  ikeuM  be  considered  a>  Aukye.c.4-  +e> 
demol  if  taw: 


PoOt"^. N 

-M 


iwud 

Door  Stop 


Bla»V  - 
Door 


UL 


& 


Hin^e 

(fVobocb  WtHi  Door) 


Lock  Soft* 


BU*V  - 
POOT*  S\ 


s  R-stecb 

'  *>  taJia- 


Lonqtv*  Lock 
&o1b 
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o  CAPISTAN  DRIVE 
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AAR  Spec.  MZOft  R654 
3S*  *17  3-1*  1*5 
14"  lift?’ 
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CONCEPT  ip '  COVES  EQg-MA&AiZ)  N  E  PAGE  NO.  L  OF  1 

_ DEMOLITION.  TIME  ESTIMATE 


OPE*. 

DESCRIPTION 

TIME 

10 

Pla.ce  sWa.pe.ci  cWar^fi-s  for  boreholes  (4-) 

1.00 

zo 

Attach  de.fo *\ a+  i  ri<^  corcl  ar\d  de4eviatte' 

.80 

.30 

Place.  craVeri*^  cWar^es  unlW  de.4ona.4-tKcj 

Cord  attached. 

1.20 

40 

StavH  charge 5  i*i  bor“cWoi«>5  «v\d  deVonata 

1.40 

50 

Place  breacW’m£j  charge.  and  attach  de+onatt 
cord  (breaching  radius  R“3 $0 

2_00 

6>0 

Tawrp  breaching  charge  and  detanata 

3.00 

ToVod  ^.4  Minuses. 
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CONCEPT  EARTH-COVE*  $.J3URSX.Eg_SLkg 


DEMOL/TtONi  TIME  ESTIMATE 

* 

OPEJ?. 

DESCRIPTION 

TIME 

10 

i 

Place  7  aliases  $or  bore.Uole.6 

1.7  5 

20 

Avtt'acU  de.fana.lin^  cord  and  de.fon.aVe 

1.40 

30 

Place,  CKaVe^incj  to'rVk  dufaneVin^  cord 

clWa.  cV^d. 

1.20 

40 

SV«W  charges  m  bor&k*|es  and  defona+e 

2.45 

50 

Place.  breacUtn^  ekareje*  ok  bar'yVe.r  slab  and 
attack  de-h?K.a.Vtvi^  cord.  (4*  Placed 

12.0 

(fiO 

Tav*\p  breacUw^  ebarejes  avtd  defanode. 

ft.O 

10 

Place  1  ckar^e  ^®r  b&reUole. 

.25 

to 

Attack  dt*f  ©niaVin^  tepd  and  deV©n»+a 

.20 

<*0 

Place  breaeWw^  ekareje  on  macja.'&ine  and 
attack  dc,V<s>n«.f  cord 

3.0 

loo 

Tdnnp  ekareje  ayid  d*+©naA*a. 

2.0 

To  Pal  32.25  Mmuf« 
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OPEfc 

DESCRIPTION 

BBS 

10 

Place  fereadtttq  charge  . 

,%0 

10 

ScCtH«  ^tfinAtjo^oircL+a.  - . - . . 

. zo 

30 
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A9- 

.40 

Move  +b  tareieic _ _ _ _  . .  _ _ _ 

*20. 

«2P 

1  1 

60 

Secure  d&jrortai'tA^  cor'd 

.10_ 

70 

Move  fife.  disda/tce  ftadde.V'artade  _  _ _ 

.X0_ 

60. 

Move  Vo  barrier 

.15 

90  _ 

Place  brea.ckin^  charge.  ..  ._  ..  ._. _ 

.10 

loo 

Secur«.jcLefe*aVfn<j  cord 

*20 

no 

Move  sa?e  distance  a.r\d  det'ortaVe 

.75 

120 

Move  fKrou^Vv  b*m'er 

.SO 

To+al  Mifl- 

2.55 

NoVe: Tawipi  could  be  repaired  u>Wicli  uoowJd 
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AIRCRAFT  IMPACT  ON  CONCRETE  BARRIERS 


A  complete  analysis  of  the  capability  of  a  structure  to  withstand 
the  impact  of  an  aircraft  requires  the  determination  of  the  magnitude 
and  duration  of  the  reaction  exerted  by  the  aircraft  on  the  structure, 
an  estimate  of  the  type  of  structural  response,  and  an  evaluation  of  the 
strength  characteristics  of  the  structure. 

In  order  to  develop  methods  for  evaluation  of  overall-  structural 
response,  the  aircraft  impact  may  be  classified  as  "soft."  This  "soft¬ 
ness"  is  characterized  by  significant  local  deformation  of  the  aircraft 
in  the  region  of  impact.  The  deformation  characteristics  of  the  aircraft 
and  the  concrete  barrier  are  used  to  develop  an  applied  force  time- 
history,  and  an  analysis  for  overall  response  to  the  force  is  carried 
out. 

The  impact  force  time-history  is  developed  based  on  the  deformation 
of  the  aircraft,  assuming  that  the  target  (concrete  barrier)  is  rigid. 
In  theory,  the  forcing  function  is  also  influenced  by  deformation  of  the 
target,  but  this  effect  is  minimal  and  can  be  neglected.  The  load 
imposed  on  a  rigid  structure  by  an  impacting  deformable  missile  (such  as 
an  aircraft)  is  composed  of  two  parts.  The  first  part  is  the  crushing 
strength,  and  the  second  part  is  the  inertial  force,  or  time  rate  of 
change  of  momentum  of  the  missile. 

Previous  studies  on  this  subject  have  demonstrated  the  relative 
insignificance  of  the  crushing  load  distribution  when  compared  with  the 
mass  distribution.  This  is  interesting  from  the  practical  standpoint 
because  it  is  always  the  mass  distribution  which  is  well-defined  and 
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readily  accessible.  Structural  drawings  which  are  necessary  for  the 
computation  of  the  crushing  load  are  in  some  cases  considered  proprietary 
and  are  difficult  to  obtain.  One  may  then  use  judgment  to  scale  the 
crushing  load  distribution  from  drawings  of  similar  aircraft  which  are 
available  and  have  reasonable  confidence  that  the  final  reaction  curve 
will  not  be  significantly  in  error. 

Impact  velocities  are  usually  considered  as  those  for  take-off  and 
landing  and  generally  range  from  150  to  200  raph.  The  peak  loads  in  the 
reaction  time  curve  occur  when  the  wings  impact  the  structure.  Duration 
times  for  impact  typically  range  from  0.2  to  0.3  seconds. 

Since  the  largest  structural  response  will  usually  result  when  the 
aircraft  impacts  normal  to  the  surface  of  the  structure,  the  outside 
walls  as  well  as  the  roof  of  the  structure  should  be  checked. 

For  typical  aircraft  impact  parameters,  the  reinforced  concrete 
structures  may  experience  extensive  permanent  damage.  A  finite-element 
analysis  of  the  structure,  using  the  force-time  relationship,  shows 
whether  an  elastic  analysis  is  sufficient.  In  cases  where  an  elastic 
analysis  is  not  adequate,  an  elasto-plastic  finite  element  analysis  can 
be  performed.  Under  such  circumstances,  an  analysis  based  upon  limit 
design  and  the  estimated  ductility  ratios  for  the  type  of  construction 
involved  must  be  introduced.  It  is  noted  that  assumed  increases 
in  ductility  ratios  and  extent  of  damage  would  increase  the  load-carrying 
capacity  of  the  structure. 

Tests  have  shown  that  the  effect  of  reinforcing  steel  in  resisting 
penetration  along  the  path  of  the  missile  is  too  small  to  warrant  any 
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large  increases  in  percentage  of  steel  over  that  required  to  inhibit  mass 
cracking,  spalling,  and  scabbing.  In  fact,  only  about  0.3  percent  longi¬ 
tudinal  steel  is  required  in  each  direction.  At  least  50  percent  of  this 
longitudinal  reinforcement  should  be  located  close  to  the  rear  face  of 
the  slab,  and  at  least  25  percent  near  the  front  face. 

Previous  work  on  nuclear  power  containment  buildings  has  shown  that 
a  reinforced  concrete  roof  4  ft.  thick  is  sufficient  to  resist  the  impact 
of  a  Boeing  707  aircraft.  Work  has  also  been  done  on  other  aircraft 
types  including  military  jets.  We  are  not  aware  of  any  worK  that  con¬ 
siders  the  Boeing  747  impact;  however,  based  on  the  available  data,  it 
is  safe,  to  conclude  that  a  reinforced  concrete  roof  about  6  ft.  thick 
should  be  sufficient  for  a  747-type  aircraft. 

Although  a  6-ft.  thick  reinforced  concrete  root  slab  would  meet  the 
aircraft  impact  requirement,  it  would  not  meet  other  project  require¬ 
ments.  Terrorists  with  shaped  charge  explosives  could  blast  through  an 
exposed  roof  slab  and  have  direct  access  to  the  weapons.  Also,  exposing 
the  structure  of  the  storage  facility  would  make  its  appearance  more 
destabilizing  to  the  local  populace  and  apparent  to  an  enemy.  For  these 
reasons,  the  storage  facility  should  be  covered  with  earth  thick  enough 
to  deter  terrorists  and  to  support  vegetation.  Since  earth  cover  would 
contribute  to  aircraft  impact  resistance,  the  thickness  of  the  roof  slab 
could  be  reduced.  A  3-ft.  thick  reinforced  concrete  roof  slab  covered 
with  10  ft.  of  earth  would  be  approximately  equivalent  to  an  exposed 
6-ft.  thick  reinforced  concreted  roof  slab. 


References : 


1)  American  Society  of  Civil  Engineers,  "Structural  Analysis  and  Design 
of  Nuclear  Plant  Facilities,"  Draft,  New  York,  1976. 

2)  American  Society  of  Civil  Engineers,  "Structural  Design  of  Nuclear 
Plant  Facilities,"  1975,  Volume  1-A,  p.  597. 
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PRQ3ECT  0304: 

PROGRAM  S78/01-1 

CASE 

CERI. 

CASE  1 

BACK  UAIL 

INPUT 


DISTANCE  OF  CHARGE  FROM  BLAST  UALL 

FT. 

8.00 

CHARGE  UElGHT 

LBS. 

78.30 

BLAST  UALt.  HEIGHT - 

FT . 

- 7700 - 

BLAST  UA!  L  LENGHT 

FT. 

6.00 

HEIGHT  OF  CHARGE  ABOVE  GROUND 

FT. 

3.00 

MIN.  DIST.  BETWEEN  CHARGE  +'  ADO  UAr.r - 

Y  1  « 

bailiff 

REFLECTION  CODE 

1  1  1  4  0 

OUTPUT 

1  *  ~  <r‘  -  : . 

REFLECTING  SURFACE 

• 

IMPULSE  PSI-MS 

FLOOR 

516.56 

ROOF 

384.26 

LEFT  SIDE  UALL 

RIGHT  SIDE  UALL 

609. 16 

. 

TOTAL  2119. 14 


PP.ODi.CT  0384 : 

PROGRAM 

S78/01-1 

CASE 

CERI  CASE  i  SIDE  UAL! 

i 

IM°UT 

1 

DISTANCE  OF  CHARGE  FROM  BLAST  WALL 

FT. 

3.00 

CHARGE  WEIGHT 

LBS. 

78.30 

BLAST  UALt  RETGHT 

inaiBi 

. 9700  " 

BLAST  WALL  LENGHT 

FT. 

16.00 

HEIGHT  OF  CHARGE  ABODE  GROUND 

FT. 

3.00 

FT. 

8700 

REFLECTION  CODE 

1 

10  10 

OUTPUT 

REELECTING  SURFACE 

IMPULSE  PSI 

-MS 

FLOOR 

S95.72 

ROOF 

429.82 

— RIGHT  SIDE~UALL  — 

z) 4 .  c>7 

TOTAL 

1300.21 
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PR03ECT  0304 


PROGRAM  S73/0 1-1  CASE 


CERI  CASE  1  ROOF  SLAB 

INPUT 

DISTANCE  OF  CHARGE  FROM  BLAST  WALL 

FT. 

6.00 

CHARGE  WEIGHT 

LBS. 

78.30 

BLAST 'UA'  L  HEIGHI 

t-  r . 

16.00 

. 

BLAST  UALI  LENGHT 

FT. 

6.00 

HEIGHT  OF  CHARGE  ARGUE  GROUNO 

FT. 

8.00 

HIN.  GIST-  BEiwttn  i^HAftut  -t  ADJ  UALL 

REFLECTION  CODE 

V  I  . 

- 3700 - 

10  110. 

OUTPUT 


REFLECTING  surface 

IMPULSE  PSI-MS 

FLOOR 

27S.33 

LEFT  SIDE  UAI  L 

682.67 

"TCTOTn  SIDE  WALL  '  — 

682  >  67 

TOTAL  1640.67 
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PP.OGiCT  0304 


PROGRAM  S78/01-1  CASE 


CERI.  CASE  2  BACK  UALL 

INPUT 

DISTANCE  OF  CHARGE  FROM  BLAST  UAI  L 

FT. 

3.00 

CHARGE  WEIGHT 

LBS. 

78.30 

- BLAST  UALtr'Mt- I6HT - 

FT. 

9.00 

BLAST  UALL  LENGHT 

FT. 

16.00 

HEIGHT  OF  CHARGE  AROVE  GROUND 

FT. 

3.00 

MIN.  D1SI.  BtlUEEN  "LmhRu£  t  huJ  UALL 

RFFLECTION  CODE 

FT. 

8  •  88 

*  1  1  1  0 

OUTPUT 

.  ‘2. 

‘  * 

- s  .  * - 

REFLECTING' SURFACE 

IMPULSE  PSI-MS 

FLOOR 

595.72 

ROOF 
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Lr F f  SIDE  WALL 

274.67 

RIGHT  SIDE  UALL 
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TOTAL  1574.88 


'  PROJECT  0304 :  PROGRAM  S 79/01-1  CASE 

I 

I 


CEKL  CASE  2  SIDE  WALL 

INPUT 

DISTANCE  OF  CHARGE  FROM  BLAST  WALL 

FT. 

8.00 

CHARGE  WEIGHT 

LBS. 

78.30 
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b  1  . 
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REFLECTION  CODE 
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OUTPUT 


REFLECTING  SURFACE 

IMPULSE  PSI-MS 
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546.56 

ROOF 

384.26 
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609 . 16 

TOTAL  1509.98 
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c- 
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DO  NOT  WRITE  IN  THIS  SPACE 
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■$<$-*• -I 


'  AD- A 1 33  540  ADVANCED  STRUCTURAL  CONCEPTS  FOR  WEAPONS  STORAGE  FLAT 
AND  MOUNTAINOUS  TERRAINS! U)  CONSTRUCTION  ENGINEERING 
RESEARCH  LAB  (ARMY)  CHAMPAIGN  IL  JUN  83  CERL-TR  M-330 
UNCLASSIFIED  MIPR-82-529  F/G  19/1 


NL 
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PROS 


PROGRAM  S78/0  'i  -  1 


CASE 


CEKI .  UALL 


INPUT 

DISTANCE  CHARGE  FROM  BLAST  UALL 

FT. 

3.00 

CHARGE  WEIGHT 

LBS. 

78.30 

BLAST  UA.  L  HEIGHT 

1  • 

12.00 

BLAST  UALL  LENGHT 

FT. 

33.00 

HEIGHT  OF  CHARGE  AROUt  GROUND 

FT. 

3.00 

- MIN.  DIST'r  BE  I  UEEN  CHARGE- +~  A03  UALL 

FT. 

15.00 

REFLECTION  CODE 

11110 

OUTPUT 


reflecting  surface  impulse  psi-ms 


FLOOR 

334.58 

ROOF 

247.69 

134.04 

RIGHT  SIDE  UALL 

134.04 

TOTAL 


850.36 


DO  NOT  WRITE  IN  THIS  SPACE 


•LACK  ft  »u«j«ct.  .CEf?L 
V  BATCH 
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§ 
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DO  NOT  WRITE  IN  THIS  SPACE 
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1.  VENTILATION 


1.1  ASHRAE  recommendations  for  the  type  of  spaces  provided  are  30 
cfm  per  person  with  a  minimum  of  15  cfm. 

1.2  The  motor/generator  set  for  emergency  standby  power  will 
require  combustion  air: 

175  HP  x  2.5  cu.  in. /HP  x  1800  rpm  =  456  cfm 
1,728 

1.3  The  fleet  of  trucks  arriving  to  be  loaded  with  weapons  would 

not  be  accommodated  within  the  facility.  The  following  allowance  will 

be  accommodated  within  the  facility: 

Entering  -  1  truck 

Leaving  -  1  truck 

Loading  -  2  trucks 

Waiting  -  2  trucks 

Combustion  air  for  the  truck  engines  will  be  supplied  from  the  truck 

tunnel.  Motor  speeds  are  estimated  to  be: 

Entering  -  2,0o0  rpm 

Leaving  -  2,000  rpm 

Loading  -  1,000  rpm 

Waiting  -  1,000  rpm 

Allowing  500  cubic  inches  per  truck  engine,  the  combustion  air 
requirement  is  2,315  cubic  feet  per  minute. 

1.4  A  schematic  of  the  typical  concept  HVAC  system  follows  the  HVAC 
Scenario  in  this  appendix. 

2.  ELECTRICAL 

2.1  The  electrical  requirements  to  be  estimated  are: 

Lighting 

Heating 

Motors  for  Material  Handling 
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Fan  Motors 


Motors  for  Barrier  Operation 
Miscellaneous  (such  as  Receptable  Loads) 

Surveillance  and  Intrusion  Detection 
2.2  Lighting  levels  for  the  facility  will  be  in  accordance  with 
IES  recommendations  as  follows: 


Tunnels  &  Hallways 


20  ft. -candles 


Storage  Area 


10  ft. -candles 


Maintenance  Area 


50  ft. -candles 


Equipment  Area 


10  ft. -candles 


Security  Area 


30  ft. -candles 


2.3  Watts  per  square  foot  for  lighting  are  estimated  as  follows: 


Tunnels  &  Hallways  12,000  ft.  @  2w 


24,000  watts 


Storage  Area  12,000  ft.  @  lw 


12,000 


Maintenance  Area  1,500  ft.  @  5w 


7,500 


Mechanical  Area  1,500  ft.  @  lw 


1,500 


Security  Area  400  ft.  @  3w 


1,200 


Total  kW  =  4 £ 

2.4  Heating  of  ventilation  air  estimate: 

200  cfm  x  60m/h  x  .08  x  .24  x  30  T  =  2  kW 
3,412 

2.5  Motors  for  material  handling  estimate: 


300  ft  x  5,000  lb  x  .7457 
8  min  x  33,000  ft-lb 


x  2  =  8.5  kW 


2.6  Fan  Motors  for  ventilation  estimate: 


.5  kw/ 1,000  cfm  x  2,000  cfm  =  1.5  kW 
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2.7  Motors  for  barrier  operation  (one  only): 

15  ft.  x  300,000  lb  x  .7457  2Q 
5  min  x  33,000  ft. -lb 

2.8  Miscellaneous: 

Estimated  1.5  kW 

2.9  Power  required  estimate: 


80  kW 
.9  P-F 


=  89  kW 


Surveillance  and  intrusion  detection  power  requirements  are  .iot 
included  because  they  are  outside  the  scope  of  this  study. 

2.10  Motor/generator  set: 


— —  =  99  kW  (Output  of  Engine) 
.9  eff. 

99  kW  x  1.341  =  133  HP 


This  horsepower  output  requires  a  175  HP  engine  at  1,800  rpm. 

3.  FUEL  CAPACITY.  Standby  generating  capacity  for  4  hours  for  the 

motor/generator  set  requires  .8  lb/HP-hr.  or: 

175  HP  x  .8  lb/HP-hr  x  4  hr  on  . . 

7  lb/gal 

4.  FIRE  PROTECTION.  An  automatic  extinguishing  system  charged  with 
Halon  is  required  in  the  Maintenance  Area.  It  is  assumed  a  fire  would 
be  Class  B  or  C,  but  there  is  no  basis  for  judging  the  severity.  For 
estimating  purposes,  an  8  percent  concentration  is  assumed.  Estimates 
of  the  amount  of  Halon  required  for  the  12  study  concepts  are  in  this 
appendix. 
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5.  COMPRESSED  AIR.  It  is  anticipated  that  compressed  air  should  be 
available  to  power  tools  which  will  be  used  in  the  Maintenance  Area. 

6.  EMP/EMR  PROTECTION.  EMP/EMR  protection  will  be  required  in  the 
Maintenance  Area. 

7.  WATER  AND  WASTE  WATER.  Water  supply  and  wastewater  collection 
systems  are  assumed  to  be  available.  It  is  assumed  wastewater  must  be 
pumped  up  from  the  facility.  Unless  the  facility  must  be  buttoned-up 
with  personnel  inside,  an  emergency  supply  of  water  should  not  be 
required . 
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HVAC  SCENARIO 


1.  MODES  OF  OPERATION 

1.1  Load-out  Mode.  The  additional  load  of  truck  engine  exhaust  on 
the  ventilation  system  for  this  mode  makes  it  the  "worst"  case.  This 
load  would  consist  of  two  engines  idling  while  being  loaded  with  con¬ 
tainers,  two  engines  idling  while  waiting  to  be  loaded,  and  two  engines 
at  full  rpm,  one  entering  and  one  leaving  the  facility.  The  facility 
will  be  fully  staffed  and  possibly  the  standby  motor  generator  set  would 
be  operating.  Truck  tunnel  entrances  would  be  open. 

1.2  Maintenance  Mode.  This  mode  consists  of  a  full  staff  of  per¬ 
sonnel,  the  motor-generator  set  operating  and  truck  tunnel  closed.  Con¬ 
ditions  prevailing  in  this  mode  dictate  the  free  passage  of  air  from  the 
facility  to  prevent  a  buildup  of  noxious  fumes. 

1.3  Standby  Mode.  In  this  mode,  no  personnel  would  be  present; 
therefore  no  lights  or  heating  would  be  required.  In  the  case  of  site 
adaption  requiring  standby  power,  such  as  sump  pumps,  the  motor-generator 
set  must  be  vented.  Such  an  event  could  also  occur  during  the  process 
of  opening  up  the  facility;  if  commercial  power  was  not  available,  the 
motor-generator  set  would  be  needed  to  furnish  power  to  open  the 
facility.  No  circulation  can  be  expected  from  a  temperature  differential 
due  to  cooler,  heavier  air  within  the  facility. 

2.  SYSTEM  OPERATION 

2.1  Venting  the  Facility.  The  major  portion  of  venting  is  the 
occurrence  of  engine  exhaust  within  the  truck  tunnel.  These  fumes  must 
be  expelled  from  the  facility.  The  expedient  way  to  vent  the  truck 


236 


tunnel  would  be  to  bring  in  fresh  air  and  pressurize  the  tunnel  from  a 
central  point  forcing  any  fumes  back  out  of  the  tunnel.  Thus  any  other 
venting  of  the  facility  can  be  taken  into  the  tunnel  and  expelled  by  the 
same  means . 

2.2  Differential  Pressures.  Fumes  from  the  tunnel  must  not  be 
allowed  to  infiltrate  the  personnel  spaces;  therefore  they  must  be 
pressurized  at  a  higher  pressure  than  the  truck  tunnel. 

2.3  Air  Supply.  The  personnel  entrance  tunnel  provides  a  passage 
into  the  facility  which  can  be  used  for  an  air  intake  which  would  also 
provide  the  very  minimal  ventilation  needed  in  this  passage.  The  air 
inlet  to  the  personnel  tunnel  must  be  well  separated  from  the  exhaust 
from  the  truck  tunnel  to  prevent  short  circuiting  fumes  back  to  the  air 
intake. 

2.4  Air  Conditioning.  Incoming  air  to  the  facility  through  the 
personnel  tunnel  would  not  require  conditioning,  other  than  initial 
filtering  since  aruving  personnel  would  be  dressed  for  outside  condi¬ 
tions.  The  air  passing  down  the  tunnel  would  tend  to  approach  the  soil 
temperature  which  the  facility  would  stabilize  at,  thus  picking  up  or 
losing  heat  before  reaching  the  occupied  spaces  within  the  facility. 
The  occupied  spaces,  being  well  buried  within  the  earth,  will  tend  to 
stabilize  at  a  temperature  that  is  the  average  year  round  temperature  of 
the  location,  in  the  central  United  States  a  nominal  55°F.  This  tempera¬ 
ture  space  would  require  heating  only  to  approximately  70°F.  However, 
the  incoming  air  must  be  below  75°F  wet  bulb  temperature,  or  moisture 
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will  condense  on  the  walls.  The  provision  of  a  refrigeration  coil  for 
dehumidification  of  incoming  air  will  be  considered  a  site  adaptation.  A 
DX  coil  at  the  entrance  of  the  personnel  tunnel  for  intake  air  would 
serve  as  dehumidification  for  the  relatively  low  quantity  of  air 
required.  Thus  heating  will  be  required  under  most  conditions.  A  com¬ 
bination  of  electric  space  and  duct  heaters  is  recommended. 
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1.  INTRODUCTION .  The  potential  user  of  any  of  these  weapons 
storage  concepts  needs  a  logical  means  to  evaluate  them  before  selecting 
one  to  construct.  It  addition,  the  user  must  also  be  able  to  evaluate 
any  revisions  to  these  concepts  or  any  new  concepts  which  may  be 
developed.  This  evaluation  process  is  made  more  difficult  by  the 

large  number  of  factors  which  must  be  considered  before  a  decision  can  be 
made.  Therefore,  a  logical  process  is  needed  to  properly  evaluate  all 
of  the  necessary  factors  and  indicate  which  concept  may  be  best  for  a  par¬ 
ticular  situation.  This  process  may  be  called  a  decision  model.  The 
discussion  which  follows  is  a  description  of  one  decision  model.  Provi¬ 
sions  will  be  made  to  permit  the  individual  user  to  modify  this  decision 
model  to  suit  his  particular  needs  or  requirements. 

2.  GENERAL .  This  decision  model  is  effective  because  it  examines 
each  aspect  or  factor  separately,  evaluates  how  well  a  particular  concept 
complies  with  that  factor,  and  adds  the  result  to  the  succeeding  results 
of  a  similar  evaluation  of  all  the  other  factors.  This  decision  model 
is  effective  because  it  recognizes  that  all  factors  are  not  of  equal 
importance.  Finally  this  decision  model  is  effective  because  it  allows 
the  user  to  identify  other  factors  that  *re  significant  to  his  situation 
and  to  identify  which  factors  are  more  significant  than  others. 

This  decision  model  is  a  process  with  four  parts: 

a.  Identifying  all  desirable  attributes. 

b.  Weighing  of  these  attributes  to  reflect  their  relative 
importance . 
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c.  Evaluating  the  solutions  based  upon  these  attributes. 

d.  Determining  which  solution  best  meets  all  of  the  desirable 
attributes . 

3.  DESIRABLE  ATTRIBUTES.  The  first  step  is  to  identify  all  of 
the  desirable  attributes.  The  attributes  listed  in  the  decision  model 
are  a  beginning.  Each  user  may  be  expected  to  add  additional  attributes 
to  meet  his  particular  needs.  Space  has  been  left  in  the  decision  model 
for  the  user  to  add  these  attributes. 

The  attributes  should  be  formulated  as  positive  goals  to  be 
achieved.  Caution  should  be  exercised  to  avoid  listing  a  single 
attribute  in  more  than  one  way  thus  making  that  attribute  unduly  impor¬ 
tant.  For  example,  one  of  the  listed  attributes  could  be  the  number  of 
total  personnel  required  to  operate  the  facility.  If  a  second  attribute 
was  to  minimize  the  number  of  security  guards,  then  the  number  of 
security  personnel  required  is  given  undue  importance  because  this  factor 
was  evaluated  twice:  once  as  security  guards  and  once  as  part  of  the 
total  number  of  personnel.  It  is  important  to  list  all  of  the  attributes 
not  just  the  ones  considered  prime  attributes  by  the  user.  The  relative 
importance  of  each  attribute  will  be  determined  later.  Those  attributes 
which  are  insignificant  will  drop  out  at  that  time. 

The  attributes  listed  in  the  decision  model  have  been  organized  into 
groups.  This  grouping  facilitates  the  later  steps  of  weighing  and  making 
the  final  determination.  Thus  it  is  recommended  that  any  additional 
attributes  be  assigned  to  one  of  these  pre-existing  groups,  or  if  neces¬ 
sary,  new  groups  should  be  formed. 
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4. 


WEIGHING  THE  ATTRIBUTES.  Once  the  list  of  attributes  is  com¬ 


plete,  the  user  needs  to  weigh  these  various  attributes.  This  process 
is  an  effort  to  recognize  that  some  of  the  listed  attributes  are  far  more 
important  to  the  user  for  his  particular  installation  than  others.  Begin 
the  weighing  process  by  reviewing  the  attributes  listed  in  the  first 
group.  Decide  which  attribute  is  the  most  important  and  give  it  a  weight 
of  10.  Next  compare  each  succeeding  attribute  in  relation  to  the  one 
identified  as  the  most  important.  If  that  attribute  is  almost  as  impor¬ 
tant  as  the  first  one,  give  the  second  attribute  a  weight  of  8  or  9.  If 
the  second  attribute  is  meaningless  or  has  very  little  importance,  give 
it  a  weight  of  0,  1,  or  2.  If  it  is  half  as  important,  give  it  a  weight 
of  4,  5,  or  6.  Continue  comparing  attributes  in  the  first  group  giving 
each  a  weight  of  0  to  10  until  that  group  is  completed.  Then  go  on  and 
weigh  the  remaining  groups. 

Once  all  of  the  groups  are  weighed,  it  is  necessary  to  give  each 
group  its  own  weight.  This  weighing  is  done  just  as  the  individual 
attributes  within  a  group  were  weighed.  The  user  should  identify  the 
most  important  group  and  give  it  a  weight  of  10.  The  remaining  groups 
are  then  compared  to  the  most  important  group  and  given  a  weight  of  0  to 
10  accordingly 

5.  DEFAULT  CONDITIONS.  Frequently  certain  attributes  may  be  con¬ 
sidered  as  minimum  or  absolute  requirements  for  any  solution.  These 
attributes  are  so  important  that  unless  they  are  met,  a  solution  should 
not  be  considered.  These  attributes  become  default  conditions.  In  this 
decision  model  they  are  listed  with  the  other  attributes.  However,  any 


solution  failing  to  comply  with  these  attributes,  requirements,  or 
default  conditions  is  rejected  without  further  evaluation.  Two  such 
default  conditions  have  been  identified  as  the  driving  criteria  for  this 
study.  They  are  as  follows: 

a.  It  must  be  possible  to  load-out  all  of  the  weapons  within  2 
hours . 

b.  A  dedicated  terrorist  group  must  be  kept  out  ot  the  magazines 
for  at  least  30  minutes. 

Any  concept  not  meeting  either  of  these  two  attributes  does  not  comply 
with  the  required  criteria.  In  this  decision  model,  these  two  attributes 
and  others  are  used  as  default  conditions.  If  a  concept  fails  to  meet 
any  one  of  these  conditions,  it  is  rejected  without  further  evaluation. 

6.  EVALUATION  PROCEDURE .  Once  the  desirable  attributes  have  been 
identified  and  weighed  and  the  default  conditions  have  been  defined,  it 
is  possible  to  use  this  decision  model  to  evaluate  tbe  various  weapons 
storage  concepts.  Each  concept  is  individually  evaluated  against  the 
listed  attributes,  one  attribute  at  a  time.  How  well  a  concept  meets  a 
given  attribute  determines  the  score,  a  number  from  0  to  10,  given  to 
that  concept  for  meeting  that  attribute.  If  a  concept  completely  satisfies 
a  given  attribute,  it  may  be  given  a  score  of  10.  If  it  does  not  satisfy 
that  attribute  at  all,  it  should  be  given  a  very  low  score  of  0  or  1 . 
Some  of  the  attributes  in  this  decision  model  include  a  rating  scale 
making  it  easy  for  the  user  to  score  the  solutions.  Other  attributes 
may  be  more  difficult  to  quantify,  and  the  user  may  be  required  to 
evaluate  his  general  impression  with  a  score  between  0  and  10. 
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As  each  attribute  is  scored,  that  score  is  multiplied  by  the  weight 
given  that  attribute.  The  resulting  product  is  added  to  products  of  the 
other  attributes  in  that  group.  This  sum  is  divided  by  the  sum  of  the 
weights  for  all  of  the  attributes  within  a  group,  and  a  composite  score 
for  that  group  of  attributes  is  obtained.  When  all  of  the  groups  are 
completed,  the  composite  scores  for  the  various  groups  are  multiplied  by 
tne  weights  of  the  respective  groups.  These  products  are  totaled  and 
then  divided  by  the  total  of  the  weights  given  to  the  various  groups. 
This  number  which  should  be  between  0  and  10  will  be  the  final  score  for 
that  solution.  The  solution  with  the  highest  score  is  the  solution  which 
best  meets  all  of  the  desirable  attributes. 

In  evaluating  the  solutions,  it  is  only  necessary  to  change  the 
score  for  each  attribute  or  group  of  attributes.  The  weight  of  each 
attribute  or  group  of  attributes  should  not  change.  Remember  also  that 
a  solution  failing  to  pass  a  default  conuition  should  immediately  be 
eliminated  from  consideration.  However,  if  while  evaluating  a  solution 
an  improvement  is  discovered,  that  improvement  should  be  made  and  the 
evaluation  process  for  that  solution  started  again. 
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WEAPONS  STORAGE  FACILITY  DECISION  MODEL 


The  following  form  (pp  253-273)  could  be  completed  by  a  potential 
weapons  storage  facility  user. 


WEAPONS  STORAGE  FACILITY 
DECISION  MODEL 
USER  INSTRUCTIONS 

This  decision  model  has  nine  groups  of  desirable  attributes.  These 
nine  groups  are  as  follows: 

1.  Load-Out  Time 

2.  Security 

3.  Safety 

U.  Reliability 

5.  Efficiency 

6.  Material  Handling  Equipment 

7.  Personnel  Requirements 

8.  Land  Requirements 

9.  Cost 

Space  has  been  left  for  you,  the  user,  to  add  another  group  necessary  to 
respond  to  your  particular  requirements.  Within  each  group  there  are 
one  or  more  separate  attributes  listed.  Space  has  been  provided  for  you 
to  add  any  additional  desirable  attributes  necessary  to  evaluate  your 
special  conditions.  First,  you  need  to  review  all  of  these  attributes. 
Then  follow  the  instructions  given  below. 

1.  After  you  have  reviewed  the  attributes  listed,  add  any  new 
attributes  which  you  feel  are  necessary  to  adequately  evaluate  solutions 
to  your  particular  situation.  The  attributes  should  be  written  as  posi¬ 
tive  statements.  List  these  new  attributes  within  the  appropriate 
groups.  If  necessary,  start  a  new  group(s).  Try  to  avoid  duplicating 


other  attributes. 


2.  Beginning  with  the  first  group,  Load-Qut  Time,  identify  the 
most  important  attribute  and  give  it  a  weight  of  10.  Evaluate  the 
remaining  attributes  in  this  group  and  assign  each  a  numerical  weight  of 
0  to  10  depending  upo..  the  importance  of  each  attribute  with  respect  to 
the  most  important  attribute  previously  identified.  When  all  attributes 
in  this  group  are  weighed,  add  the  weights  and  enter  the  total  in  the 
indicated  location. 

3.  Continue  weighing  the  attributes,  a  group  at  a  time,  until  all 
groups  have  been  weighed. 

4.  On  the  summary  sheet,  repeat  this  process  by  weighing  the 
groups.  Total  these  weights  also. 

5.  You  have  now  completed  the  weighing  process.  You  should  not 
add  attributes  or  change  the  various  weights  beyond  this  point  unless 
you  also  start  the  entire  process  over  with  the  first  step. 

6.  Beginning  with  the  first  proposed  scheme,  evaluate  that  concept 
with  respect  to  each  attribute,  one  at  a  time.  Give  the  concept  a  score, 
a  number  from  0  to  10,  for  each  attribute  depending  upon  how  well  it 
meets  that  attribute. 

7.  Multiply  the  score  for  each  attribute  by  the  weight  of  that 
attribute.  Add  these  products  together  for  each  group  of  attributes. 
Divide  these  sums  by  the  sums  of  the  weights  for  each  group  of 
attributes . 

8.  You  should  now  have  a  composite  score  for  each  group  of 
attributes.  This  score  should  be  a  number  between  0  and  10.  Enter  these 
composite  scores  on  the  summary  sheet.  Multiply  each  composite  score  by 
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its  respective  weight.  Add  the  product  together  and  divide  by  the  sum 
of  the  weights  previously  figured.  This  number  between  0  and  10  is  the 
final  score  for  the  concept  just  evaluated. 

9.  Continue  by  repeating  steps  6  through  8  with  each  succeeding 
concept . 

10.  The  concept  with  the  highest  final  score  best  meets  all  of  the 
attributes . 
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DECISION  MODEL 


1.  LOAD-OUT  TIME 

1.1  Estimate  the  normal  load-out  time  in  minutes  (_ _  minutes). 

Default  criteria:  If  the  time  is  more  than  120  minutes,  reject  this 
concept. 

If  the  time  is  less  than  120  minutes,  score  as  follows. 

Load-Out  Time 


in 

Minutes 

Score 

30 

or 

less 

10 

31 

to 

40 

9 

41 

to 

50 

8 

51 

to 

60 

7 

61 

to 

70 

6 

71 

to 

80 

5 

81 

to 

90 

4 

91 

to 

100 

3 

101 

to 

110 

2 

111 

to 

120 

1 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

1.2  Estimate  the  manual  load-out  time  in  hours  ( _  hours).  Score 

as  follows. 


Load-Out  Time 
in  Hours 

Score 

under  2 

10 

2  to  3 

9 

3  to  4 

8 

4  to  5 

6 

5  to  6 

5 

6  to  7 

4 

7  to  8  3 

ove  r  8 ,  1 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 
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1.3  (Attribute  may  be  added  by  user.) 

Score  as  follows: 

Weight  (  )  x  Score  ( _ )  =  Product  ( _ ) 

Composite  Score  for  Group  1 

a.  Add  up  the  weights  of  the  attributes  above 

b.  Add  up  the  products  of  the  attributes  above 
Divide  sum  b  by  sum  a. 

Composite  score  =  _ . 

Enter  this  score  on  line  1  on  the  Summary  Sheet. 
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2. 


SECURITY 


2.1  Estimate  the  time  required  for  a  well  prepared  terrorist  group 

to  reach  a  weapon  in  minutes  ( _  minutes). 

Default  Criteria:  If  the  time  is  less  than  30  minutes,  reject  this 
concept . 

If  the  time  is  more  than  30  minutes,  score  as  follows: 


Time  in 

Minutes  Score 

60  or  more  10 

50  to  59  8 

40  to  49  6 

30  to  39  4 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

2.2  Do  the  truck  drivers  have  to  enter  the  magazines  (storage 
areas)  to  obtain  their  weapons? 

Score:  Yes  =0  No  c  10 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

2.3  Is  more  than  one  weapon  exposed  when  the  magazine  is  opened 

for  the  load-out  procedure? 

Score:  Yes  =0  No  =  10 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

2.4  When  a  weapon  is  moved  from  a  magazine  to  the  maintenance  area, 
must  it  be  moved  through  the  truck  tunnel? 

Score:  Yes  =0  No  =  10 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

2.5  Is  there  a  buffer  area  between  the  magazines  and  the  truck 
tunnel? 
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Score:  Yes  =  10 


No  =  0 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

2.6  Do  maintenance  personnel  have  to  go  through  a  magazine  to 
reach  the  maintenance  area  or  any  other  supporting  area,  such  as  the 
mechanical  equipment  room? 

Score:  Yes  =0  No  =  10 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

2.7  Does  the  security  area  have  a  direct  view  of  the  truck  tunnel 
entrances? 

Score:  Both  tunnels  =  10 

One  tunnel  =  5 

Neither  tunnel  =  0 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

2.8  Does  the  security  area  have  a  direct  view  of  the  loading  posi¬ 
tions  or  entries  to  the  magazines? 

Score:  All  entries  =  10 

1/2  of  the  entries  =  5 
No.  of  entries  =  0 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

2.9  Does  the  security  area  have  a  direct  view  of  persons  coming  in 
the  personnel  entry  before  they  reach  the  sally  port? 

Score:  Yes  =10  No  =  0 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

2.10  Are  the  security  measures  predominantly  passive,  that  is,  not 
relying  largely  on  manpower? 
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Score:  Yes  =  10 


No  =  0 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

2.11  (Attribute  may  be  added  by  user.) 

Score  as  follows : 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

Composite  Score  for  Group  2 

a.  Add  up  the  weights  of  the  attributes  above 

b.  Add  up  the  products  of  the  attributes  above 
Divide  sum  b  by  sum  a. 

Composite  score  =  _ . 

Enter  this  score  on  line  2  on  the  Summary  Sheet. 
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3. 


SAFETY 


3.1  Will  the  weapons  still  be  secure  after  the  installation  is 
struck  by  a  falling  747  aircraft? 

Default  Criteria:  If  the  answer  to  this  question  is  no,  reject  this 
solution. 

3.2  Are  there  any  physical  barriers  located  between  the  loading 
docks : 

Score:  Yes  =  10  No  =  0 

Weight  ( _ _)  x  Score  ( _ )  =  Product  ( _ ) 

3.3  How  far  apart  are  the  loading  docks  in  feet?  Score  as 
follows : 


Loading  Dock 

Separation  in  Feet  Score 

over  150  10 

100  to  150  5 

less  than  100  0 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

3.4  Is  there  more  than  one  wall  or  is  there  a  large  mass  of  earth 
or  rock  separating  each  weapon  storage  area? 

Score:  Yes  =10  No  =  0 

Weight  ( )  x  Score  ( )  =  Product  ( ) 

3.5  Does  a  weapon  need  to  be  lifted  more  than  6  in.  above  the 
ground  during  its  movement  within  the  storage  area? 

Score:  Yes  =0  No  =  10 

Weight  ( )  x  Score  ( _ )  =  Product  ( _ ) 

3.6  Does  one  weapon  need  to  be  moved  over  another  weapon  at  any 

time? 
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Score:  Yes  =  0 


No  =  10 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _  ) 

3.7  Are  the  weapons  ever  lifted  more  than  1-1/2  ft.  above  the 
loading  dock  or  truck  bed  during  the  loading  operation? 

Score:  Yes  =10  No  =  0 

3.8  What  is  the  Kg/cu.  ft.  of  HE  stored  in  any  storage  area?  Score 
as  follows: 


-3 

10  Kg/cu.  ft.  Score 

2.0  or  less  10 

2  to  3  8 

3  to  4  6 

4  to  5  4 

5  to  6  2 

6  to  7  1 

over  7.0  0 


Weight  ( _ )  x  Score  ( _ )  =  Product  (  ) 

3.9  Does  any  weapon  in  storage  have  a  line  of  sight  with  any  other 
stored  weapon? 

Score:  Yes  =0  No  =  10 

Weight  ( )  x  Score  ( _ )  =  Product  ( _ ) 

3.10  Does  any  weapon  in  storage  have  a  line  of  sight  with  the  entry 
to  the  magazine? 

Score:  Yes  =0  No  =  10 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( ) 

3.11  (Attribute  may  be  added  by  user.) 
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Score  as  follows: 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

Composite  Score  for  Group  3 

a.  Add  up  the  weights  of  the  attributes  above 

b.  Add  up  the  products  of  the  attributes  above 
Divide  sum  b  by  sum  a. 

Composite  score  =  _ . 

Enter  this  score  on  line  3  on  the  Summary  Sheet. 
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4.  RELIABILITY 


4.1  Will  this  facility  operate  without  external  power?  Can  the 
doors  be  opened  manually?  Is  emergency  lighting  available? 

Default  Criteria:  If  the  answers  to  these  questions  is  no,  reject 
this  solution. 

4.2  Does  the  material  handling  equipment  require  external  power 
such  as  electric  power  for  an  electric  hoist? 

Score:  Yes  =0  No  =  10 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

4.3  May  trucks  easily  use  only  one  entry  if  one  entrance  is 
blocked? 

Score:  Yes  =  10  No  =  1 

Weight  ( _ )  x  Score  ( _ )  =  Product  (_ _ ) 

4.4  Are  the  material  handling  systems  reliable?  Have  they  been 
used  before?  Are  they  simple  machines? 

Score:  If  all  of  the  above  are  answered  yes,  then  score  =  10 
If  any  of  the  above  are  answered  no,  then  score  =  0 

Weight  ( _ )  x  Score  ( )  =  Product  ( _ ) 

4.5  Are  the  material  handling  systems  simple  to  operate? 

Score:  Yes  =10  No  =  0 

Weight  ( _ )  x  Score  ( )  =  Product  ( _ ) 

4.6  (Attribute  may  be  added  by  user.) 
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Score  as  follows: 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

Composite  Score  for  Group  4 

a.  Add  up  the  weights  of  the  attributes  above 

b.  Add  up  the  products  of  the  attributes  above 
Divide  sum  b  by  sum  a. 

Composite  score  =  _ . 

Enter  this  score  on  line  4  on  the  Summary  Sheet. 


; 

: 


5. 


EFFICIENCY 


5.1  Is  there  only  one  maintenance  area  for  the  total  facility? 

Score:  Yes  =10  No  =  0 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

5.2  Is  the  maintenance  area  located  equidistant  from  the  storage 
areas? 

Score:  Yes  =10  No  =  0 

Weight  ( )  x  Score  ( )  =  Product  ( ) 

5.3  How  many  blast  doors  are  there  in  the  facility?  Score  as 
follows : 


No.  of 

Blast  Doors  Score 

6  or  less  10 

7  to  9  8 

10  to  12  5 

13  to  15  2 

16  or  more  0 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

5.4  Can  the  weapons  be  removed  in  random  order? 

Score:  Yes  =10  No  =  0 

Weight  ( )  x  Score  ( )  =  Product  ( ) 

5.5  Do  the  trucks  have  to  be  backed  up  during  the  normal  load-out 
procedure? 

Score:  Yes  =  0  No  =  10 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

5.6  Can  the  maintenance  area  and  utility  rooms  be  easily  served  by 
a  truck  in  the  truck  tunnel  (as  by  a  loading  dock  adjacent  to  the  main¬ 
tenance  area)? 
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Score:  Yes  =  10 


No  =  0 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

5.7  (Attribute  may  be  added  by  user.) 

Score  as  follows: 

Weight  ( _ _)  x  Score  ( _ )  =  Product  ( _ ) 

Composite  Score  for  Group  5 

a.  Add  up  the  weights  of  the  attributes  above 

b.  '  Add  up  the  products  of  the  attributes  above 

Divide  sum  b  by  sum  a. 

Composite  score  =  _ . 

Enter  this  score  on  line  5  on  the  Summary  Sheet. 
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MATERIAL  HANDLING  EQUIPMENT 

6.1  Can  the  weapons  be  loaded  on  trucks  without  power?  Can  they 
be  loaded  manually? 

Default  Criteria:  If  the  answer  to  these  questions  is  no,  reject 
this  solution. 

6.2  How  many  types  of  equipment  are  needed  to  remove  a  weapon  from 
the  storage  area  and  place  it  on  a  truck?  Score  as  follows: 


No.  of 

Equipment  Types  Score 

1  nr 

2  7 

3  3 

4  or  more  0 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

6.3  Are  common  types  of  material  handling  equipment  such  as  fork 
lifts,  hand  trucks,  dollies,  conveyors,  bridge  cranes,  and  monorail 
cranes  used  for  all  equipment? 

Score:  Yes  =  10  No  =  0 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

6.4  Are  alternate  means  available  to  remove  the  weapons  if  the 
primary  material  handling  equipment  fails? 

Score:  Yes  =10  No  =  0 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

6.5  Do  the  trucks  require  precise  positioning  for  loading? 

Score:  Yes  =0  No  =  10 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 
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6.6  (Attribute  may  be  added  by  user.) 

Score  as  follows: 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

Composite  Score  for  Group  6 

a.  Add  up  the  weights  of  the  attributes  above  _ 

b.  Add  up  the  products  of  the  attributes  above 
Divide  sum  b  by  sum  a . 

Composite  score  =  _ . 

Enter  this  score  on  line  6  on  the  Summary  Sheet. 
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7.  PERSONNEL  REQUIREMENTS 


7.1  Determine  the  number  of  material  handling  personnel,  exclusive 
of  truck  drivers,  required  during  load-out  ( _  men).  Score  as  follows: 


No.  of  Men 

Score 

4  or  less 

10 

5 

9 

6 

8 

7 

7 

8 

6 

9  or  10 

5 

11  or  12 

4 

13  or  14 

3 

15  or  16 

2 

17  to  19  1 

20  or  more  0 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

7.2  Determine  the  number  of  security  personnel,  exclusive  of  the 

force  accompanying  the  truck  drivers,  required  during  load-out  ( _  men). 

Score  as  for  item  7.1. 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

7.3  Determine  the  number  of  security  personnel  required  on  site 


for  day-to-day  operations  ( _ 

men).  Score  as  follows 

No.  of  Men 

Score 

0 

10 

1  or  2 

8 

3  or  4 

6 

5  or  6 

4 

7  or  8 

2 

9  or  more 

0 

Weight  ( _ )  x  Score  ( _ )  = 

Product  ( _ ) 

7.4  (Attribute  may  be  added  by  user.) 
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Score  as  fo’ 'ows : 


Weight  (  )  x  Score  ( _ )  =  Product  ( _ ) 

Composite  Score  for  Group  7 

a.  Add  up  the  weights  of  the  attributes  above 

b.  Add  up  the  products  of  the  attributes  above 
Divide  sum  b  by  sum  a. 

Composite  score  =  _ . 

Enter  this  score  on  line  7  on  the  Summary  Sheet. 


268 


8.  LAND  REQUIREMENTS 

8.1  Is  the  concept  suitable  for  the  site  under  consideration? 

Score:  Yes  =10  No  =  0 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

8.2  Determine  the  gross  land  area  requirement  in  acres  ( _ 

Score  as  follows: 

Gross  Land 
Requirement 


in  Acres  Score 


3  or  less  10 
3  to  3-1/2  8 
3-1/2  to  4  6 


4  to  4-1/2  4 
4-1/2  to  5  2 
over  5  0 


Weight  ( _ )  x  Score  ( _ )  =  Product  (_ _ ) 

8.3  (Attribute  may  be  added  by  user.) 


Score  as  follows: 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

Composite  Score  for  Group  8 

a.  Add  up  the  weights  of  the  attributes  above 

b.  Add  up  the  products  of  the  attributes  above  _ 
Divide  sum  b  by  sum  a. 

Composite  score  =  _ . 

Enter  this  score  on  line  8  on  the  Summary  Sheet. 


acres) . 
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9. 


COST 


9.1  Determine  the  initial  construction  cost  for  this  concept 
($ _ ).  Score  as  follows: 


Construction  Cost 
in  $  millions  Score 


under  5.0 

10 

5  to  7 

9 

7  to  9 

8 

9  to  11 

7 

11  to  13 

6 

13  to  15 

5 

15  to  17 

4 

17  to  19 

3 

19  to  22 

2 

22  to  25  1 

over  25  0 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

9.2  Determine  the  life  cycle  cost  for  this  concept  ($  ) .  Score 

as  follows. 


Life  Cycle  Cost 

in  $  millions  Score 


under 

8 

10 

8  to 

10 

9 

10 

to 

12 

8 

12 

to 

15 

7 

15 

to 

18 

6 

18 

to 

21 

5 

21 

to 

25 

4 

25 

to 

30 

3 

30 

to 

35 

2 

35 

to 

40 

1 

over  < 

40 

0 

Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

9.3  (Attribute  may  be  added  by  user.) 
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Score  as  follows: 


Weight  ( _ )  x  Score  ( _ )  =  Product  ( _ ) 

Composite  Score  for  Group  9 

a.  Add  up  the  weights  of  the  attributes  above  .  I 

I 

b.  Add  up  the  products  of  the  attributes  above  .  ! 

- -  i 

Divide  sum  b  by  sum  a.  I 

Composite  score  = 

Enter  this  score  on  line  9  on  the  Summary  Sheet. 
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1 0 .  _ ATTR I BUTES 

10.1  (Attribute  may  be  added  by  user.) 

Score  as  follows: 

Weight  ( )  x  Score  ( _ )  =  Product  ( _ ) 

10.2  (Attribute  may  be  added  by  user.) 

Score  as  follows: 

Weight  ( )  x  Score  ( _ )  =  Product  ( _ ) 

Composite  Score  for  Group  10 

a.  Add  up  the  weights  of  the  attributes  above  _ 

b.  Add  up  the  products  of  the  attributes  above  _ 

Divide  sum  b  by  sum  a. 

Composite  score  =  _ . 

Enter  this  score  on  line  10  on  the  Summary  Sheet. 
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SUMMARY  SHEET 


Composite 

Attribute  Groups  Weight  Score 

1.  LOAD-OUT  TIME  _  x  _ 

2.  SECURITY  _  x  _ _ 

3 .  SAFETY  _ x  _____ 

4.  RELIABILITY  _  x  _ 

5.  EFFICIENCY  _  x  _ 

6.  MATERIAL  HANDLING  EQUIPMENT  _  x  _ 

7.  PERSONNEL  REQUIREMENTS  _  x  _ 

8.  LAND  REQUIREMENTS  _ x  _ 

9 .  COST  _ x  _ 

10.  ATTRIBUTES  x 


a.  Add  up  the  weights  of  the  attributes  above  ( _ ). 

b.  Add  up  the  products  of  the  attributes  above  ( _ ). 

c.  Divide  line  b  by  line  a.  Final  Score  =  _ . 


Product 
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APPENDIX  G 
EARLY  CONCEPTS 
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CONSTRUCTION  COSTS 


The  following  cost  estimates  are  for  cost  comparison  only  and  should 
not  be  used  for  construction  purposes.  The  estimates  are  incomplete 
since  some  facility  components,  such  as  intrusion  detection,  are  beyond 
the  scope  of  this  study.  Also,  the  estimates  do  not  apply  to  real  con- 
struction  schedules  or  locations  since  they  are  unknown  at  this  time. 


Construction  costs  have  been  estimated  for  12  storage  facility 
concepts  in  two  different  terrains.  The  costs  used  are  U.S.  averages  for 
third  quarter  1982.  The  estimates  include  the  Contractor's  overhead, 
profit,  and  bonds,  as  well  as  the  design  engineering  fee.  The  estimates 
do  not  include  construction  contingencies,  Government  supervision  and 
administration,  and  cost  escalation. 


The  cost  estimates  are  based  on  the  following  assumptions: 


•  The  facilities  will  be  built  on  existing  Government  property; 
therefore,  property  costs  are  unnecessary. 

•  The  facilities  will  be  constructed  near  populated  areas; 
therefore,  costs  for  mobilization  and  crew  life  support  are 
unnecessary. 

•  There  will  be  no  unusual  construction  conditions. 

•  Utilities  will  be  available  at  the  sites. 

•  No  state  taxes  are  required  on  materials  for  Government 
projects . 

On  the  next  page  is  a  tabulation  of  total  costs,  material  quanti¬ 
ties,  and  costs  per  square  foot  of  the  12  study  concepts  for  both  flat 
and  mountainous  terrain.  Notable  differences  in  excavation  and  concrete 
quantities  between  flat  and  mountainous  terrain  are  due  to  the  construc¬ 
tion  methodologies  outlined  below. 


Overall 

Construction: 


Flat  Terrain 

Partial  excavation  in 
soil,  backfilling  over 
completed  structure  for 
minimum  10  ft.  earth 
cover. 


Mountainous  Terrain 

Full  excavation  in  rock, 
leaving  domed  configuration 
in  which  facility  is  con¬ 
structed  . 


Floor  Slab: 


Walls: 


Roof : 


2  ft.  thick  concrete  8  in.  thick  concrete  (for 

(mat  foundation).  level  surface,  primarily)- 

2  ft.  thick  concrete  8  in.  thick  concrete. 

(to  withstand  lateral 
load  of  earth). 


3  ft.  thick  concrete 
(to  withstand  aircraft 
impact) . 


1.5  ft.  thick  concrete 
supported  by  2  ft.  columns 
at  20  ft.  centers  and  1.5  ft. 
x  3  ft.  beams. 
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CONSTRUCTION  COST  ESTIMATE 
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LIFE  CYCLE  COSTS 


The  following  life  cycle  cost  estimates  are  for  cost  comparisions  only 
and  are  not  for  budgeting  purposes. 

FACILITY  LIFE 


Design  Life  =  25  years. 

First  Year  of  Operation  =  1982. 

FACILITY  COSTS 

Total  Investment  in  BOD  (Beneficial  Occupancy  Date)  Year  =  Construction 
Cost  (see  Appendix  H) . 

O&M  Cost  =  labor  and  material  costs  for  operating  and  maintaining 

facility  (see  pages  427  through  432).  Note:  Alert  operations 
cannot  be  anticipated  and  are  not  included. 

Energy  Cost  =  cost  of  electricity  required  when  facility  is  occupied 
for  operations  and  maintenance  (see  pages  433  through  435)  . 

Life  Cycle  Cost  =  present  value  of  all  the  above  costs  over  the  25-year 
life. 
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TY P I CA I.  STORAGE  FAC  I L I  TY  OPERAT IONS 


Duration  & 

Personnel 

Ope rat  ion 

Frequency 

Type  _  ...  - 

No 

Weapons 

8  hrs.  weekly 

Securi ty 

2 

Inventory 

Ordnance  Clerk 

2 

Load-out 

8  hrs.  monthly 

Security  Trainer 

1 

Training 

Security 

Material  Handler  Trainer 
Material  Handler 

1 

Faci 1 i ty 

8  hrs.  quarterly 

Securi ty 

2 

Maintenance 

Facility  Maintainer 

2 

Weapons 

240  hrs.  yearly 

Security 

2 

Maintenance 

Ordnance  Maintainer 

-same  as  for  load-out 

2 

Personnel 
Type  _____ 


Annual  Assumed 

Cost _  _  Category 


Security 
Ordnance  Clerk 
Security  Trainer 
Material  Handler  Trainer 
Material  Handler 
Facility  Maintainer 
Ordnance  Maintainer 


$100,000  1 

$100,000  1 

$120,000  2 

$130,000  3 

$120,000  2 

$120,000  2 

$150,000  4 
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STAFF  COSTS 


HRS/VR 

PERSONNEL/ CATEGORY 

COST/HOUR. 

2512. 

1 

44.60 

418 

l 

31.52 

96 

3 

64.48 

480 

4 

74.40 

«  COAf«€fT 

HRS/YR 

PERSONNEL/  CATE  GORY 

COST/HOOR 

X 

2542 

/ 

41.60 

5  B 

544 

2 

*1.82 

96 

3 

64.48 

48  0 

4 

74.40 

HRS/VR 

PERSONNEL/CATS60KY 

COST/HOOR 

2592 

/ 

44.60 

544 

2 

51.51 

96 

3 

64.48 

480 

4 

74.40 

HRS/YR 

PERS0RNEL./CAJA60RY 

COST/HOOR 

2591 

/ 

41.60 

544 

1 

54.52 

16 

3 

64.48 

480 

4 

74.40 

41.60  U8,56‘i.‘i£ 

51.51  5-S.134.fc 

64.48  6.19  0.®* 

74.40  *9.1 1 Z-- 

TOTAL  0PRR.C06T  *  225,414.55' 


41. 60  J28.S63.C? 

*1.82  32,178.** 

44.48  6.|10.°JI 

74.40  \*>,i\tr 

TOTAL  OPRR.  COST  *  202,344.!* 

ICY  COST/HOOR  COST/YR 

44.40  118,563.** 

51.51  32,378.** 

44.48  4, 1 10.51 

74.40  55,711.- 

TOTAL  OPBR.  COST  >202,844.'* 


I  Z5,S(*3/L° 
32,37  0" 
6,H0.» 
35712.- 


TOT AJ_  OPE*  COST  $  202,844.!^ 
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CEKL  STUDY 


black*  Subject. 

T  V BATCH  _ 

conMiiTw*  Work _ 

iNtutam 


Kmibab  City 


PWOJKCT  NO..  .142£4l 


File  No. 


Date.  14  Julvj _ 

Sit  Up  By _  _ _ 


COMPUTED  BY. 
Checked  By _ 

f 

Paoi  No _ i 


ST  AFP  costs 


CjoMCAPT 

HRVVR 

PRRSOHUEL/CATE.60RY 

COST/HOUR 

COST/YR 

25*92 

/ 

44.60 

V28, 563.3* 

544 

2 

54.S2 

31.378  4* 

L 

3 

64.48 

6.190. V 

480 

4 

74.40 

39,111“' 

Hi 

0 

< 

a. 

TOTAL  0PRR.C06T  $  202,844.1# 

”  Concept 

HRS/YR 

prksonwel/category 

C05T/H00R 

COST/YR 

X 

1- 

Z59Z 

/ 

49.60 

178,56  3.15 

2  r* 

544 

2 

14.82 

32,378.*# 

-  r 

94 

3 

64.48 

6,1  96.®# 

460 

4 

74.40 

35,712. " 

TOTAL  OFKH.  COST  *202. 844.!* 


u 

CoAteCPT 

HRS/YR 

PERSOHN&L/CATEXbOKY 

COST/rtOUR. 

COST/YR 

H 

5 

254  2. 

/ 

49.60 

128,563.1* 

$ 

/- 

544 

2 

S4.S1 

32,378.®? 

t- 

0 

U 

9  6 

3 

64.48 

6,190.2# 

z 

480 

4 

74.40 

3  5,712.“* 

0 

a 

TOTAL  OPER.  C0$T$2£>2, 844.1# 

coMterr 

HRS/YR 

P6RS0HREL/CATK6ORY 

COST /HOUR 

COST/YR 

25  9  2 

/ 

49.60 

V2fe,  563.1? 

H 

544 

2 

54.  52 

32,375.*® 

96 

3 

64.48 

6,190.2# 

480 

4 

74.40 

35.7  12.- 

CaVc^o^  I  *  $(00,ooo/Hr  TOTAL  OPER  COST  4  202.844.1* 

7*  t  10,000 /^»* 

3*  130,000/nr 
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Table  1-1 


.  DoE  -  Projected  Energy  Prices  and  Escalation  Rates 


DoE  Region  11 


durreat  aad  prelected  anari 

7  »ric««  cm  mli-ifBI  dolUrt) 

Projected  aaargy 
prlea  aaealatloa  rata* 
(parcaatag*  ehaag* 
eoapouadad  aaauallr) 

Fual  typa 

Kid- 1981  baaa-yaar 

Kid- 

1981 

(Dollar* 

F« 

10« 

Btu) 

Kld- 

1990 

(Dollar* 

10* 

it») 

Kld- 

1991 

(Dollar* 

p« 

10* 

Btu) 

(Dollar  par 
aalaa  unit)* 

( Dollar* 

10* 

Bta) 

Kid- 

1981- 

nid- 

1981 

Kld- 

1981- 

ald- 

1990- 

Kld- 

1990- 

aid 

1995 

aad 

bayoad 

imwmt  wctoj 


Blactrlclty  . 

.017  (kHh).. 

16.74 

20. M 

20.61 

20.62 

1.28 

.24 

-  .19 

Dlatlllata  . . 

1.354  (gal).. 

9.62 

10.62 

12.01 

16.21 

2.11 

2.11 

6.14 

LFC  . 

.900  (gal).. 

9.42 

10.41 

11.69 

11.61 

2.12 

2.35 

6.00 

Natural  Oaa  . . . . 

.004  (ft3).. 

4.42 

6.21 

6.62 

7.41 

8.88 

1.26 

2.38 

catancm  wcret 


Elactrlelty . . . . 

.018  (kHh).. 

17.10 

21.01 

21.10 

20.86 

1.28 

.09 

-  .23 

Dlatlllata  . . . 

1.262  (gal).. 

9.10 

10.01 

11.47 

11.66 

2.11 

2.69 

6.42 

(aaldual  . . 

.949  (gal).. 

6.34 

8.94 

10.19 

12.29 

6.99 

2.64 

3.82 
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3.98 

}.» 

6.01 

6.82 

8.61 

1.46 

2.18 

Staaa  Coal  . . 

39.375  (ton).. 

1.7} 

2.22 

2.42 

2.49 

6.11 

1.77 

.19 

nnwsnuL  sectob 


Electricity  . 

.042  (kHh).. 

— 

12.32 

11.13 

11. 18 

11.48 

1.27 

.18 

-  .12 
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1.266  (gal).. 

9.13 

10.08 

11.10 

11.69 

2.11 

2.66 

6.42 

kail dual  . 

.949  (gal).. 

6.34 

8.96 

10.13 

10.92 

9.02 

2.10 

1.52 

Natural  Gaa  . 
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3.12 

4.94 

5.12 

1.89 

6.84 
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Gaaollne  . . . 

1.622  (gal).. 

12.97 

11.92 

17.09 
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1.26 

1.42 
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1  Kota  chat  thaaa  prleaa  ara  equivalent  ta  thoa*  la  the  adjacent  cal.  (tatk  far  aH-ltll ) ,  bet  tkay  ara  atated  la 
different  unit*  of  ana  eg y.  Fric*  par  aalaa  ualc  of  aaargy  la  darlrad  fraa  prlea  par  allllaa  »t«  ky  UfUlaf  tha 
prlca  ky  a  alllion  aad  aultlplylag  ky  tha  Btu  eontaat  of  a  aalaa  oalt  of  aaargy,  aaaoalag  tha  folloalag  Bta  coataat 
par  aalaa  unit  of  anargyi  1,412  Itu/kMi  of  alaetrleltyi  118, <90  Ita/gal  of  glatlllata;  91,100  ita/aal  of  tPO; 

1,016  Btu/ft3  of  natural  gaai  149,690  Btu/gal  of  raalBtwl;  22,500  Btu/ to*  of  ataaa  coal;  aad  121,071  Btu/gal  of 
gaaollaa.  For  aaaapla,  la  DoE  Baglon  1,  for  alaetrlelty,  |.063/kHh  *  _  *  1,412  Btu/kHh. 

17000,000  Btu 
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REVISED,  SUPERSEDED,  AND  VOID  CALCULATIONS  MUST  BE  CLEARLY  IDENTIFIED,  INITIALED 
AND  OATEO  BY  THE  RESPONSIBLE  INDIVIDUAL. 
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YEAR  ZERO  IS  DEFINED  AS  BENEFICIAL  OCCUPANCY  DATA  (BOD)  1982 

YEAR  ZERO  COST  OF  ELECTRICAL  ENERGY  $.0389/kWH 

ESCALATION  RATE  FOR  ELECTRICAL  ENERGY  0.48% 

ECONOMIC  LIFE  25  YEARS 

DISCOUNT  RATE  10% 
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CERL  DISTRIBUTION 


of  Cap inters 

4th  USA.  Korea 

NTNC 

Tech  Manl tar 

ATT*:  EAFC-H  94271 

ATT*:  MTMC-SA  20315 

OAEb-AJt-l  (2) 

ATT*:  EAFI-P  94259 

ATTN:  Facilities  Enplnaor 

OAtb-CCP 

ATT*:  CAFE-T  94212 

Oakland  Ar%  last  94426 

DACA-CU 

•ayanna  MOT  07002 

DSC**- CHE 

AOK/US  Co* lead  Farces  Cwa nd  94)01 

Sunny  Point  NOT  24441 

DACH-CMA-H 

An*:  EUSA-MMC-CFC/Enpr 

DACU-CMD 

NAAAOCQM,  ATT*:  OAOMA-F  071140 

DA4*>C1N 

USA  Japan  (USAAJ) 

oncb-tc 

Ch.  Ft  D1v,  AJEH-FE  94343 

TAACOM,  Fee.  DU.  44090 

OACH-CCC 

Fac  Enpr  (Honshu)  94343 

mim-ici 

Fac  Enpr  fOhUaua)  94331 

TAA0OC 

0AEA-2CF 

MQ.  TAAOOC.  ATT*:  ATEM-FC 

0AE*>IC9 

lucky  Mt.  Area  00903 

ATT*:  Facllltlos  Enalnaor 

FISA.  ATT*:  Lthrery  22040 

FISA,  ATT*:  OCT  III  79901 

US  [MtMr  Olitrtct* 

ATT*:  Library 
Alaska  99501 
A1  litlo  09414 
AlbUN>ar*uo  47103 
UHimrt  21203 
•offal*  14207 
Charloatan  20402 
Chlcaf*  40404 
DttnH  40231 
Fir  East  94301 
Fart  Mart*  74102 
Galvoaton  77540 
HuMtlaftan  25721 
Jacfctsnvllla  32232 
Japan  94343 
XMMi  Cttr  44104 
Little  lock  72203 
IN  iMiln  90053 
Louisville  40201 
Noupblt  34103 
MblH  34420 
Hashvllla  37202 
(Mu  Inal and  02154 
Mir  Or  Inm  70140 
Me*  Tort  10007 
Norfolk  23510 
ohm  40102 
Philadelphia  19104 
Plttsbur*  15222 
PortUnt  97200 
Alyadfc  09030 
Met  Island  41201 
Sacrauente  95014 
Sah  Francisco  94105 
SiruMk  31402 
Stattlo  90124 
St.  LOMU  4)101 
St.  Fool  55101 
Tut so  74102 
VfctsMro  39100 
Hills  Mails  99342 
Hllstntoft  20401 

US  tny  E  up  inter  OUlalonp 
OTTO:  Library 
Curopo  09757 
Hunts*! lit  35007 
ISMtr  Mississippi  Tall  ay  39100 
Middle  last  09030 
01441#  Cast  (4 tar)  22401 
MUsttH  Olvtr  40101 
Oort*  Atlantic  10007 
Mart*  Ctntral  40I0I 
Hart*  Pacific  97200 
0*1t  llvtr  45201 
Pacific  Ocaen  90050 
Stut*  Atlantic  30303 
Stut*  Pacific  94111 
SeuthuMtem  75202 


NO*  7t*  Aitv  Tralnlna  CeoMand  09114 
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